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ABSTRACT 
 
In understanding the behaviour of social-ecological systems, much focus has been placed on the 
role of institutions that govern how natural resources should be managed, and the biophysical 
processes affected by this management. Somewhat less attention has been given to the role played 
by the natural resource managers themselves. Novel insight into social-ecological systems can be 
gained from understanding why managers act as they do and how management actions become 
reinforced into (un)sustainable management regimes. In this thesis I applied a social-ecological 
systems perspective to the phenomenon of private land conservation. With increasing interest in 
the role that the private sector can play in global conservation efforts, a pertinent but largely 
unexplored question is whether private land conservation areas (PLCAs) can conserve biodiversity 
over sufficiently long time scales. This thesis contributes to social-ecological systems theory 
through an in-depth analysis of the multi-scale interactions among natural resources, managers and 
socioeconomic processes, which affect PLCA management practices and their sustainability. The 
potential ability for commercially operated PLCAs to generate the funds necessary for their 
maintenance makes them an attractive conservation strategy in an economically-orientated world. 
There are concerns, however, that (a) their long-term sustainability may be dependent on their 
ability to become and remain financially viable; and (b) they may be tempted to prioritize profit 
over biodiversity protection in their management practices, thereby jeopardizing their ecological 
sustainability. The objectives of this thesis were to investigate if, how and why commercial PLCA 
managers (a) meet their financial objectives and (b) adopt unsustainable ecological management 
practices. During 2014 and 2015 I interviewed the managers of 72 commercial PLCAs in the 
Western and Eastern Cape Provinces of South Africa, a region that supports a rapidly growing yet 
poorly understood PLCA industry. I applied theories from organizational ecology to understand 
patterns in the income-generating strategies adopted by PLCA managers. Distinct business models 
were evident, differentiated by incompatibilities in the biophysical (size, fauna) and 
socioeconomic (activities, affordability) characteristics of these conservation areas. PLCAs 
characterized by financial objectives but unprofitable business models suggest that these 
incompatibilities constrain the ability of managers to effectively adapt to their economic 
environment, a concept known as “structural inertia” in organizational ecology. Profitability was 
highest on PLCAs that supported megaherbivores and large predators, reflecting international 
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tourist preferences for charismatic game. Managers’ financial objectives influenced the strategies 
that they employed to manage these mammals. When managers used revenue-generation to inform 
their management decisions, they undertook management actions that enabled them to maximize 
and stabilize game populations. While this intensive management resulted in higher revenues, it 
corresponded in many cases with a lack of ecological monitoring and an increased risk of 
overstocking game. Regional policy guidelines for large predator management both mitigated and 
exacerbated the mismatch between financially-desirable and ecologically-sustainable 
management, depending on whether species-specific guidelines were ecologically appropriate or 
not. Simulations of a mechanistic PLCA model were used to test whether adopted management 
strategies influenced the observed constraints on business model adaptation. If the income-
generating potential of an adopted business model was low, managers were unable to accumulate 
the capital necessary to overcome the biophysical and socioeconomic incompatibilities that 
separated business models, constraining their adaptive capacity. Intensively managed PLCAs were 
able to generate a more stable annual income, accumulate more capital and overcome constraints 
on adaptation faster than PLCAs managed according to ecological monitoring. This unique, large-
sample assessment of the social-ecological mechanisms underlying PLCA sustainability 
emphasizes the significant role that managers can play in promoting resilient social-ecological 
systems. When financial viability is an important consideration, broad-scale socioeconomic factors 
can influence fine-scale management decisions. Through constraints on adaptation, and the 
presence or absence of corrective feedbacks between management actions and ecological 
monitoring, these management decisions can become reinforced into management regimes on a 
trajectory towards, or away from, sustainability. This study therefore provides a novel contribution 
to our understanding of how the interactions between managers and ecosystems influence the 
behaviour of social-ecological systems. 
 
Keywords: action-outcome feedback; natural resource manager; organizational studies; private 
land conservation; private protected area; profitability; social-ecological system; sustainability 
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CHAPTER 1: GENERAL INTRODUCTION 
 
 
Solutions to society’s environmental challenges do not fall within the bounds of a single 
scientific discipline. The overexploitation of natural resources, such as fish stocks and forests, is 
driven by human population growth, increased access to global markets, financial motivations and 
technological innovations that improve harvesting efficiency (Berkes et al. 2006; Mora et al. 2011; 
Cinner et al. 2013; Squires & Vestergaard 2013). Similarly, species and habitat losses result from 
legal, cultural, financial and political processes, and have significant implications for the provision 
of ecosystem goods and services, and thereby human well-being (Costanza et al. 1997; Millenium 
Ecosystem Assessment 2005; Defries et al. 2007; Koontz & Bodine 2008; Coomes et al. 2011). 
Society’s environmental challenges emerge from complex relationships between ecosystems and 
social (including political and economic) systems (Holling 2001; Berkes et al. 2003; Millenium 
Ecosystem Assessment 2005; Norgaard 2008). Addressing these challenges necessitates 
interdisciplinary theories with which to understand complex human-nature interactions.  
A social-ecological system can be defined as a set of social and ecological components that 
interact in a constantly evolving and interdependent manner, with society both depending on and 
modifying natural resources and the ecosystems that produce them (Berkes et al. 2000; Gunderson 
& Holling 2002). Social-ecological systems thinking is a new and rapidly growing field of study, 
aimed at developing and testing theories with which to understand how social-ecological systems 
function (Daily 1997; Levin 1998; Rockström et al. 2009; Ostrom 2009b; Cumming 2014). Given 
the young and interdisciplinary nature of this field, many of its ideas and concepts are contested 
and in need of clarification, and several knowledge gaps remain.  
In this thesis I aim to advance social-ecological systems theory by applying a social-
ecological perspective to the phenomenon of private land conservation. With interest increasing in 
the role that the private sector can play in global conservation efforts, a pertinent but largely 
unexplored question is whether private land conservation areas (PLCAs) can be relied upon to 
conserve biodiversity into the future. I make the argument that this question cannot be answered 
by viewing PLCAs simply as ecological systems. Their sustainability is likely to be influenced by 
their managers’ objectives and adopted management strategies, as well as by broader-scale 
socioeconomic processes such as wildlife policies and tourist markets. This thesis therefore aims 
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to contribute to social-ecological systems theory through an in-depth analysis of the multi-scale 
interactions among ecosystems, managers and broad-scale socioeconomic processes, which 
influence PLCA management practices and their sustainability. 
This introduction first outlines the evolution of social-ecological systems thinking and the 
associated knowledge gaps that this thesis addresses. The challenges encountered by statutory 
protected areas as society’s primary in-situ conservation strategy are then described, and the 
emerging global phenomenon of private land conservation is assessed as an alternative, 
complementary strategy. I propose that insight into the sustainability of private land conservation 
can be gained by adopting a social-ecological systems perspective, and conclude with my thesis 
objectives and key research questions.   
 
1.1 Social-ecological systems theory and current knowledge gaps 
Central to the field of social-ecological systems thinking is the concept that social-
ecological systems are complex adaptive systems. Interactions between system components result 
in emergent properties which cannot be predicted or explained by the individual components 
(Holland 1995; Levin 1999). These interactions occur over multiple spatial and temporal scales, 
and can lead to feedbacks that either maintain the system within its current state, or shift it across 
a threshold and into an alternate state (Levin 1998). Social-ecological systems have the capacity 
to adapt to their environment through self-organization and learning (Holland 2006). While 
drawing deeply on complexity theory, social-ecological systems thinking includes central societal 
concerns, such as human well-being, which receive little attention in complex systems theory 
(Cumming 2011).  
In the 1970’s, C.S. Holling challenged the widely-held belief that the natural resource flows 
from an ecosystem could be controlled and that nature would restore to an equilibrium state if 
human stressors were removed. He proposed that natural resource systems have multiple stable 
states or “basins of attraction”, and that human actions can erode the ability of a resource system 
to remain within a state that is desirable to society (Holling 1973). The concept of resilience was 
introduced and later refined to characterize the following three properties of a complex, adaptive 
social-ecological system: (a) the amount of change a system can undergo and still remain within 
the same basin of attraction; (b) the degree to which a system is capable of self-organization; and 
(c) the degree to which a system can build the capacity to learn and adapt (Holling 1973; Carpenter 
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et al. 2001). Holling distinguished this “social-ecological system” definition of resilience from the 
equilibrium-orientated “engineering” definition proposed by S. Pimm in the 1980’s, namely “the 
ability of a system to resist disturbance and the rate at which it returns to equilibrium following 
disturbance” (Pimm 1984; Gunderson & Holling 2002). This distinction has led to much debate in 
the scientific world. The concept of social-ecological resilience was originally criticized due to the 
lack of empirical evidence for multiple stable states in ecosystems. Despite the substantial body of 
literature that has emerged since the 1970’s to support the multiple states concept, both 
mathematically and empirically (Gunderson 2000; Scheffer et al. 2001; Scheffer & Carpenter 
2003; Folke et al. 2004; Rockström et al. 2009), critics continue to make the argument that some 
ecological processes show no evidence of thresholds between alternate states (Donohue et al. 
2016). It has been illustrated mathematically, however, that multiple stable states can exist without 
thresholds in the underlying processes (Petraitis & Hoffman 2010). Furthermore, it can be almost 
impossible to adequately meet the demands of skeptics for empirical evidence of multiple stables 
states, given the limited availability of sufficiently large spatial scale data and sufficiently long 
time-series data (Scheffer & Carpenter 2003). Therefore, while the concept that human and natural 
systems are intrinsically interlinked is generally accepted, debate continues on the behaviour of 
these linkages and their outcomes.  
Adopting the social-ecological systems definition of resilience, adaptive capacity refers to 
the ability of a system to adjust to changing internal demands and external circumstances 
(Carpenter & Brock 2008). It reflects the capacity of actors in a system to manage resilience, 
successfully avoiding crossing into an undesirable system state or succeeding in crossing into a 
desirable one (Walker & Holling 2004). Transformation, in contrast, is the process of creating a 
fundamentally new system with a new stability landscape, when ecological, economic, or social 
factors make the existing system untenable (Walker & Holling 2004; Walker et al. 2006). 
Transformation to a fundamentally new system can, however, prove difficult to distinguish from 
adaptation within an existing system, and sometimes systems display resilience in the absence of 
adaptation and learning (Walker & Holling 2004; Walker et al. 2006; Moore et al. 2015). 
Vulnerability refers to the degree to which a system, subsystem, or system component is likely to 
experience harm due to exposure to a perturbation or stress, through an inability to either adapt or 
transform (Turner et al. 2003). While vulnerability research traditionally focused on social systems 
and did not consider the vulnerability of biophysical systems, more recent approaches 
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acknowledge that human and biophysical vulnerabilities are linked and should be treated as such 
(Turner et al. 2003; Adger 2006; Gallopin 2006; Smit & Wandel 2006). Distinguishing 
quantitatively between different outcomes in an analysis of a system’s response to a stress or 
disturbance therefore requires a clear definition of the system of interest and the measurement of 
relevant, analytically tractable variables that can capture changes in the system properties of 
interest (Moore et al. 2015). 
The ability to develop, test, clarify and extend the theoretical underpinnings of social-
ecological systems is dependent on effective frameworks with which to integrate an ever-
increasing number of findings, emerging from a range of disciplines that differ in their focus, 
epistemologies, theories and tools (Cumming 2014; Cox et al. 2016).  For example, sustainability 
science focusses on sustainable development and the need to reconcile society’s development 
goals with the planet’s environmental limits over long time scales (Kates et al. 2001; Clark et al. 
2003). Inspired by thermodynamics (flows of energy and matter), systems thinking, and a need to 
address the lack of consideration of ecological limits to growth in neoclassical economics, 
ecological economists emphasize that the human economy is embedded in nature (Costanza 1989; 
Ropke 2004). Adaptive management seeks to explain how social and natural systems learn through 
experimentation (Walters 1986; Allen & Gunderson 2011), and political ecology emphasizes the 
complex interrelations between local people, national and global political economies, and 
ecosystems (Wolf 1972; Blaikie & Brookfield 1987).  
Numerous social-ecological systems frameworks have been developed in an attempt to 
integrate the social-ecological systems literature into a coherent body of theory, including 
Panarchy, the Resilience Alliance workbook and the sustainability framework (see review by 
Cumming 2014). The sustainability framework developed by E. Ostrom is a widely used theory-
oriented framework, which attempts to define and connect different pieces of theory within social-
ecological systems research (Ostrom 2007, 2009b). It presents a standard framework for 
classifying a social-ecological system into its components and relationships (Fig. 1; Ostrom 
2009b). The four core components are the resource system (such as a coral reef), the resource units 
(such as fish populations occurring on the reef), the actors (such as fishers), and the governance 
system (such as institutions and organizations that regulate the fishery). Social-ecological system 
behaviours, such as self-organization and adaptation, are believed to emerge from multidirectional 
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interactions between the system components and their outcomes, as well as from linkages across 
levels of governance, or between ecosystems (Fig. 1).  
 
Fig. 1. A simplified version of the sustainability framework for analyzing social-ecological 
systems (Ostrom 2009b). Ecological and social system components are represented in green and 
orange, respectively. 
 
The last 25 years have seen substantial changes in perspectives on governance, which 
support the theory that social-ecological systems emerge from self-organizing system components. 
The notion of government as the sole decision-making authority has been replaced by multi-scale, 
polycentric governance perspectives that recognize the contribution of a large number of system 
agents, functioning across diverse institutional settings (Ostrom 1990, 2010; Folke et al. 2005). 
Recognition of the importance of institutions for governing social-ecological systems is 
widespread (Ostrom 1990, 2009a; Barrett et al. 2001; Brunckhorst 2002; Anderies et al. 2004; 
Hilborn et al. 2005; Hayes 2006). Institutions are defined as “the humanly derived constraints that 
shape human interaction” (North 1990), such as laws, rules and traditions. In his seminal paper, 
The tragedy of the commons, Hardin (1968) claimed that without an institutional arrangement of 
either private property or centralized government, the benefits to individual resource users of 
overexploitation would result in the collapse of common pool resources. As he predicted, collapses 
emerged in many unregulated natural resource systems around the world; fisheries are a notable 
example (Hilborn et al. 2003). More recently, however, it has been shown that self-governing 
institutions developed by the resource users themselves can facilitate sustainable natural resource 
management, even in common-pool resource systems (Ostrom 1990). Although these institutions 
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have not always succeeded, there are many examples where Hardin’s preferred institutional 
alternatives of centralized government or private land ownership have failed (Dietz et al. 2003). 
Somewhat less attention in social-ecological system analysis has been paid to the role of 
organizations, despite their importance in ecosystem governance (Clarke & McCool 1996). The 
international network of protected areas, for example, is one of the conservation community’s most 
important means of safeguarding biodiversity, yet underfunding and competing priorities 
jeopardize the ability of government organizations to effectively govern existing protected areas 
(Bruner et al. 2004). These challenges are not institutional, since legal frameworks and 
enforcement measures for the protection of nature exist; they are primarily organizational. Within 
conservation science, there has been recent interest in assessing the likely long-term effectiveness 
of conservation organizations. The ability of managers to adapt their organizations to change, to 
align their objectives, and to collaborate are believed to be key determinants of organizational 
effectiveness (Bode et al. 2011; Baral 2013; Gordon et al. 2013; Larson et al. 2014; Armsworth et 
al. 2015; Guerrero et al. 2015; Iacona et al. 2016; Ruseva et al. 2016). The existing body of theory 
in the organizational sciences relating to drivers of organizational emergence, adaptation, 
diversification, success and failure (e.g. Hannan & Freeman 1977; Williamson 1981; Mellahi & 
Wilkinson 2004; Sydow et al. 2009; Heine & Rindfleisch 2013) has, however, been largely ignored 
in social-ecological systems research.  
There is a substantial body of literature on how actors in natural resource systems (such as 
resource users or managers) influence the resource units and systems being exploited (Wright & 
Heinselman 1973; Ludwig et al. 1978; Walker et al. 1981; Anderies et al. 2002). For example, 
fishing practices influence fish population dynamics, agricultural practices influence water quality 
in lakes, rangeland management influences vegetation composition, and dams influence flooding 
regimes (Larkin 1977; Pamo 1998; Carpenter et al. 1999, 2015; Anderies et al. 2002; Folke et al. 
2004; Seymour et al. 2010). In each of these cases, there is a recognized trade-off between 
managing to maximize short-term benefits (often labeled as an ‘optimization’, ‘Maximum 
Sustainable Yield’, or ‘Command and Control’ approach) and managing for longer-term resilience 
(Walker et al. 1981; Holling & Meffe 1996; Anderies et al. 2007; Carpenter et al. 2015). For 
example, the management of fisheries under a maximum sustainable yield paradigm stabilized fish 
harvests in the short-term, but ultimately resulted in the successive collapses of several globally 
important fish stocks (Larkin 1977). Other examples where reducing natural ecological variability 
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in a resource system for short-term resource optimization has ultimately resulted in disastrous 
ecological changes include pest control in farming, fire suppression in rangelands and forests, 
alterations to river flow regimes and the migratory movements of large herbivores, and predator 
control (Wright & Heinselman 1973; Ludwig et al. 1978; Holling & Meffe 1996; Pamo 1998; 
Cochrane & Laurance 2002; Allison & Hobbs 2004; Folke et al. 2004). These practices are 
sufficiently widespread that they have been termed “the pathology of natural resource 
management” (Holling & Meffe 1996).  
Given these challenges, much emphasis has been placed on developing tools to promote 
effective natural resource management in the face of uncertainty through, for example, adaptive 
management, learning, decision-theory, robust control frameworks and scenarios (Holling 1978; 
Walters 1986; Walters & Holling 1990; Carpenter & Gunderson 2001; Anderies et al. 2007; Keith 
et al. 2011; Polasky et al. 2011; Williams 2015). The motives, social norms and conservation ethics 
that influence a manager’s decision-making have also attracted considerable attention, particularly 
in research on farming systems (Beedell & Rehman 1999; Willock et al. 1999a, 1999b; Darnhofer 
et al. 2005; Janssen & van Ittersum 2007; de Snoo et al. 2013; Poppenborg & Koellner 2013). 
Management decision-making approaches are likely to be dynamic, and emerge from feedbacks 
between managers’ objectives, their management actions, and the outcomes of these actions 
(Walker & Janssen 2002; Peterson et al. 2003; Anderies et al. 2007; Lindkvist & Norberg 2014). 
If managers are focused on optimizing yield in a natural resource system, for example, they are 
likely to respond to observed successes with further command-and-control management, without 
realizing that these actions gradually reduce the resilience of the managed system until undesirable 
surprises emerge (Holling & Meffe 1996). This dynamic nature of manager decision-making has 
been emphasized in several conceptual and modelling papers (Clark 1976; Anderies et al. 2007; 
Anderies 2015; Carpenter et al. 2015), but empirical evidence is lacking. Furthermore, research in 
behavioural economics, psychology, and behavioural decision theory suggests that people, 
including managers, are subject to a range of biases in their perceptions and judgments, which may 
influence how they perceive and respond to the outcomes of their management actions (Iftekhar 
& Pannell 2015). Therefore, while there is a substantial body of research on (a) natural resource 
manager motives and how these influence management, (b) the impact of management on resource 
units and systems, and (c) proposed tools for managing natural resources in the face of uncertainty, 
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empirical analyses of the feedbacks between manager motives, actions and outcomes are not 
currently well integrated within social-ecological system research.  
The consequences of feedbacks for social-ecological systems behaviour can prove 
particularly difficult to understand when they involve system components that span multiple scales 
(McGinnis 2010; Epstein et al. 2013; Creswell et al. 2014; Cumming et al. 2015). Many ecological 
systems include components that span multiple spatial scales, ranging from localized patches to 
regional habitats and wide-ranging migratory species (Fig. 2; Poiani et al. 2000). Effective 
conservation therefore requires the maintenance of key ecosystem functions and processes at 
multiple spatial scales (Loucks et al. 2004). Similarly, the social system can include components 
at multiple institutional levels, ranging from local actors and organizations to regional and national 
laws and international markets (Fig. 2; Cumming et al. 2015). Temporal scales are also important 
in social-ecological interactions. Faster-changing variables in a system interact with slower-
changing variables (Fig. 2; Gunderson & Holling 2002; Norberg & Cumming 2008). For example, 
agricultural fertilizers influence the slower-changing phosphorous concentration in lake sediments, 
which determines whether the lake is in a desirable clear-water state or a turbid water state 
(Carpenter et al. 1999). The outcome of an interaction may therefore not be evident immediately, 
due to time-lags between the interaction and the appearance of social or ecological outcomes (Liu 
et al. 2007). Increased nutrient loadings in a lake system can take years to affect water quality, for 
example (Carpenter et al. 1999).  
Many of the challenges encountered by societies in managing natural resource systems 
arise because of a mismatch between the scale of management and the scale of ecological processes 
being managed (Cash & Moser 2000; Cumming et al. 2006). In the absence of regional and global 
governance structures with the power to regulate fishing harvests at spatial and temporal scales 
appropriate for fish population dynamics, for example, societies have overexploited fish 
populations (Hilborn et al. 2005). Similarly, the size limitations of fenced protected areas impede 
natural large-scale movements of elephant Loxodonta africana, with the associated increases in 
elephant densities impacting negatively on other biodiversity within these areas (Kerley & 
Landman 2006). The effectiveness of conservation actions can be impeded if scale mismatches 
exist between the time-scales of funding and ecological processes, or the rates of monitoring, 
action and ecological change (Guerrero et al. 2013).  
9 
 
 
Fig. 2. Conceptual representation of a social-ecological system in space and time. Ecological and 
social system components are represented in green and orange, respectively. Spatial scale 
represents the scale at which system components function (from localized species occurring within 
patches of several meters to migratory species traversing thousands of kilometers; from local 
organizations making decisions that affect an area of several thousand hectares to governments 
making nationally-relevant decisions; and from users that live within a few kilometers of a 
resource system to those that live several thousand kilometers away). Response time represents 
the time taken for system units to respond to internal or external changes (from species abundances 
that change over a season to vegetation quality which can take decades to change; and from local 
organizations which can respond to emergent issues within several months, to national 
governments which may take several years or decades to respond). As this is a conceptual 
illustration, box sizes and locations are intended to depict relative scales at which system units 
may operate, as opposed to providing precise estimates.  
 
In summary, the processes that lead to the conservation or degradation of natural resources 
arise from complex interactions between governance systems (institutions and organizations), 
actors (including managers and users), natural resources and natural resource systems. These 
social-ecological interactions often span multiple spatial and temporal scales (Fig. 2). Since its 
recent conception, social-ecological systems research has developed into a substantial field of 
study. Gaps remain, however, in our ability to understand and predict social-ecological system 
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behaviour. While much focus is placed on the behaviour of institutions and natural resources in 
social-ecological systems research, managers and their organizations are often viewed as static 
entities, or overlooked altogether. In this thesis I emphasize that social-ecological systems theory 
could benefit from improved integration of manager decision-making feedbacks, and concepts 
from the organizational sciences.  
 
1.2 Protected areas and private land conservation areas  
1.2.1 Protected areas and private land conservation areas as social-ecological systems 
Given the continued environmental challenges faced by society, including the dramatic 
human-induced global decline in biodiversity and the habitats on which it depends (Butchart et al. 
2010; Barnosky et al. 2011), efforts to curb land-use change and biodiversity loss are increasingly 
important. Protected areas are recognized as a core strategy for in-situ biodiversity conservation 
(Bruner et al. 2001; Chape et al. 2005; Geldmann et al. 2013; Edgar et al. 2014). In recognition of 
their importance, the Convention on Biological Diversity (CBD) Aichi Target 11 outlines 
ambitious protected area targets of at least 17% of terrestrial and inland water areas and 10% of 
coastal and marine areas protected by 2020 (CBD 2011). The global protected area estate has 
grown rapidly over the past century, with national (statutory) protected areas covering 12.5% of 
Earth’s land area (Watson et al. 2014).  
Historically, protected areas were established and managed for the preservation of 
biodiversity through “protectionist” approaches; they were largely state-owned, had no-take (i.e. 
no resource use) policies and provided little access or direct benefits to society (Naughton-Treves 
et al. 2005). There is increasing recognition, however, that protected areas do not function in 
isolation. Their ability to conserve biodiversity is influenced by their context, and their long-term 
effectiveness is likely to be dependent on their ability to remain relevant to society (Watson et al. 
2014; Cumming et al. 2015; Cumming 2016a). Anthropogenic activities around a protected area 
can influence conservation efforts within the protected area, as many ecosystem functions occur 
at a scale larger than that which is protected (Hansen & Defries 2007). Statutory protected areas 
are usually located in the least productive portions of the landscape where the opportunity costs 
incurred by society are lowest (Norton 2000; Scott et al. 2001; Rouget et al. 2003; Jenkins & Joppa 
2009; Devillers et al. 2015; Pressey et al. 2015). There are significant shortfalls in protected area 
effectiveness globally (Leverington et al. 2010; Laurance et al. 2012), with under-resourced 
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management recognized as a primary challenge, particularly in developing countries (Bruner et al. 
2001). Political pressures on protected areas arise from issues of justice and equity (Adams & 
Hutton 2007; Spierenburg et al. 2008). Protected areas are therefore social-ecological systems, 
responding to and influencing a wide range of ecological, social, economic and political processes 
(Berkes et al. 2003; Strickland-Munro et al. 2010; Ban et al. 2013; Palomo et al. 2014; Cumming 
et al. 2015). 
Given the social and ecological challenges experienced by statutory protected areas, this 
global network is unlikely to be adequate for effective biodiversity conservation on its own 
(Leverington et al. 2010; Laurance et al. 2012). Governments, nongovernmental organizations and 
scientists alike are therefore exploring alternative, complementary strategies for conserving 
biodiversity. Private land conservation represents one such option (Stolton et al. 2014; Kamal & 
Brown 2015). Recognizing the potential for private land to contribute to conservation efforts, 
governments from 154 nations approved a Private Protected Area Action Plan at the World Parks 
Congress in 2003. The plan was intended “to build a shared understanding of, and vision for, 
privately owned protected area contributions to international conservation and development and 
to expand our understanding of protected areas owned by private landowners” (Langholz & Krug 
2004). Despite the acknowledgement of private land as an important conservation tool, the lack of 
a common definition on what constitutes a “private protected area”, and concerns over the likely 
permanence of this land use, have resulted in private land being omitted from international 
conservation reporting mechanisms, ignored by governments and excluded from regional 
conservation strategies (Stolton et al. 2014).  
The limited data that are available suggest that the global network of private land 
conservation areas (PLCAs) is substantial and growing, particularly in some parts of Latin 
America, including Brazil, Colombia, Chile and Costa Rica; Australia; Canada, the United States 
of America and Mexico; western and northern Europe; and southern and eastern Africa (Langholz 
& Lassoie 2001; Stolton et al. 2014; Fitzsimons 2015; Owley & Rissman 2016; Pegas & Castley 
2016). Proposed factors driving the emergence of this phenomenon include (a) the public sector’s 
unwillingness or inability to meet society’s demands for nature conservation; (b) the rising societal 
interest in biodiversity conservation; and, specific to commercially operated PLCAs, (c) the 
growth of a global nature-based tourism industry, wildlife-based photo tourism industry and 
recreational hunting industry (Carter et al. 2008). PLCAs around the world have been shown to 
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complement conservation on statutory protected areas by conserving sensitive, high-productivity 
landscapes and riparian areas, improving ecological connectivity between protected areas, and 
buffering statutory protected areas (Langholz 1996; Swift et al. 2004; Fitzsimons & Wescott 2008; 
Wallace et al. 2008; Gallo et al. 2009; Lindsey et al. 2014; Pegas & Castley 2016). 
PLCA owners include individuals with personal funds, nonprofit organizations supported 
by the public, for-profit companies managing nature-based tourism operations, and companies that 
own and manage important wildlife refuges as an offshoot of their operations (see review by 
Stolton et al. 2014). Some PLCAs are open to the public for free or at a price, while others are for 
the sole use of their owners (Stolton et al. 2014). The motivations behind PLCA establishment are 
therefore diverse, ranging from lifestyle preferences, philanthropy and desires to conserve nature, 
to personal prestige and profit-generation (Langholz 1996; Langholz et al. 2000; Mir & Dick 2012; 
Stolton et al. 2014; Selinske et al. 2015). Unlike legally-recognized statutory protected areas, 
PLCAs are often informally protected and their status is thus tenuous (Langholz & Lassoie 2001; 
Swift et al. 2004). Their diversity in tenure arrangements raises complex issues of ownership, 
governance and legitimacy (Adams & Hutton 2007; Eagles 2009). In many countries PLCAs are 
much smaller than statutory protected areas, which makes them vulnerable to edge effects and 
risks of wildlife overstocking (Langholz 1996; Swift et al. 2004; Cousins et al. 2008; Fitzsimons 
& Wescott 2008; Child et al. 2013; Spear et al. 2013; Pegas & Castley 2014, 2016). Management 
has been highlighted as a key determinant of success by PLCA owners (Langholz 1996), with 
management strategies varying widely across PLCAs (Child et al. 2013). Little is known about the 
scale and scope of PLCAs globally, their probability of persisting into the future, and thereby the 
extent and duration of the conservation security that they provide (Carter et al. 2008; Pasquini et 
al. 2010a; Stolton et al. 2014). 
The industry of commercial PLCAs is a particularly interesting phenomenon, which is 
growing in many parts of the world (Langholz 1996; Swift et al. 2004; Sims-Castley et al. 2005; 
Castley 2010; Pegas & Castley 2014; Stolton et al. 2014). While the potential ability of PLCAs to 
generate the funds necessary for their maintenance makes them an attractive conservation strategy 
in an economically-orientated world (Langholz & Krug 2004), there are concerns that (a) their 
long-term sustainability may be dependent on their ability to become and remain financially viable; 
and (b) they may be tempted to prioritize profit over biodiversity protection in their management 
practices, thereby jeopardizing their ecological sustainability (Langholz 1996; Isaacs 2000; 
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Langholz & Lassoie 2001; Sims-Castley et al. 2005; Cousins et al. 2010; Pasquini et al. 2010b; 
Miller et al. 2013; Maciejewski & Kerley 2014a). For example, many commercial PLCAs in South 
Africa stock extralimital species (i.e. species occurring outside their historic range) such as giraffe 
Giraffa camelopardalis in the Eastern Cape, or stock charismatic large mammals at high densities, 
for ecotourism or hunting purposes (Cousins et al. 2010; Child et al. 2013; Maciejewski & Kerley 
2014a, 2014b). These actions can have negative effects on vegetation, as well as invertebrate, bird 
and mammal communities (Castley et al. 2001; Kerley & Landman 2006). Policies can aid in 
promoting biodiversity conservation and sustainable management on private land, provided that 
they are well-aligned with landowner motivations, well-informed, and enforced (Fischer & Bliss 
2008; Paloniemi & Tikka 2008; Cousins et al. 2010; Moon & Cocklin 2011; Kusmanoff et al. 
2016) 
Both financial viability and ecological management have the potential to influence the 
sustainability of commercial PLCAs. Insight into the sustainability of the commercial PLCA 
industry can therefore be gained through consideration of the social-ecological interactions that 
influence PLCA management and profitability. This thesis focusses on commercial PLCAs in a 
region that has seen substantial growth in this industry over the past 20 years but remains poorly 
understood; the Western and Eastern Cape Provinces of South Africa. 
 
1.2.2 The evolution of commercial private land conservation areas in southern Africa 
The development of improved means of hunting (guns) and transportation (railways) 
during the industrial revolution enabled hunters to (a) harvest wildlife more productively and 
efficiently and (b) reach new local and global markets (Child et al. 2012). Without institutions to 
control the industry, wildlife was decimated in many industrialized countries and their colonies. 
In southern Africa, epidemics of bovine pleuropneumonia and rinderpest at the turn of the 19th 
century led to further depletion of wildlife, as well as herds of domestic stock (Child 2004). The 
response to this perceived extirpation of wildlife in the British colonies of southern Africa was to 
nationalize wildlife, with the development of three policy decisions that had long-lasting 
implications (Bond et al. 2004; Child 2004; Child et al. 2012). Firstly, state-owned protected areas 
were formed (including many of today’s national parks), with fences to separate wild and domestic 
ungulates. Secondly, the subsistence and commercial use of wildlife was restricted, making 
wildlife valueless. Thirdly, ownership of wildlife was centralized to the state. Commercial and 
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communal farmers were thereby alienated from wildlife, with little incentive for private 
landowners to protect wildlife and the responsibility for wildlife conservation resting solely on the 
state. Wildlife numbers declined significantly outside of protected areas (Child et al. 2012).  
The end of colonial rule in East Africa saw increasing centralization in the control of 
wildlife, but legislation began emerging in the late 1960’s in southern Africa that allowed 
landowners to use their wildlife commercially (Bond et al. 2004; Child et al. 2012). With these 
legislative changes, in addition to decreasing profitability of livestock farming and increasing stock 
theft (Cousins et al. 2008), commercial PLCAs emerged as a new land use in the region. PLCAs 
proliferated in South Africa, Namibia and Zimbabwe (then Rhodesia), where legislation was most 
conducive, occuring on a smaller scale in Botswana and Zambia (Bond et al. 2004; Cousins et al. 
2008).  
These land use changes in the private sector have been largely market driven, with 
landowners receiving little or no support from the state, either technical or financial (Bond et al. 
2004). Wildlife trophy hunting has been the market entry point for many PLCAs (Bond et al. 
2004). Non-consumptive wildlife use, in the form of ecotourism, requires a destination with exotic 
or photographic appeal and entails much higher levels of capital investment (Bond et al. 2004; 
Novelli et al. 2006). High-end, low-volume ecotourism on private land is nonetheless developing 
into a significant industry within southern Africa, targeting international tourists from high income 
countries (Bond et al. 2004; Sims-Castley et al. 2005; Magole & Magole 2011). South Africa also 
supports a domestic tourism market with demand for lower-end ecotourism and hunting 
opportunities (Krug 2001; Bond et al. 2004; De Vos et al. 2015). Not all commercial PLCAs in 
South Africa support large herbivores, with some offering “outdoor” or “scenery” orientated 
ecotourism opportunities (Baum 2016). Private landowners across the region have proved 
innovative in their provision of activities and products to meet a diverse market (Krug 2001; Bond 
et al. 2004; Sims-Castley et al. 2005; Child et al. 2013). By the turn of the century, nature-based 
tourism was contributing about as much to the gross domestic product of southern Africa as 
agriculture, forestry and fisheries combined (Scholes & Biggs 2004).  
While many commercial PLCAs in South Africa rate profit generation as an important 
objective, others rate it as unimportant, with conservation values and place attachment stated as 
the primary drivers behind PLCA establishment (Langholz 1996; Pasquini et al. 2010b; Selinske 
et al. 2015). The motivations driving this industry are therefore diverse.  
15 
 
Over the past 25 years, growth in the conservation estate in southern Africa has taken place 
to a large extent outside of statutory protected areas on private land (Krug 2001). With 79% of 
South Africa’s land area privately owned (Department of Rural Development and Land Reform 
2013), private land has become an important part of the national conservation effort  (Bond et al. 
2004). Figure 3 illustrates the diverse institutional bodies responsible for land conservation in 
South Africa.  
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 Fig. 3. The different institutional bodies governing conservation areas in South Africa (De Vos unpubl. data).  
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1.2.3 A short note on private land conservation terminology 
The International Union for the Conservation of Nature (IUCN) defines a protected area as 
“a clearly defined geographical space, recognized, dedicated and managed, through legal or other 
effective means, to achieve the long-term conservation of nature with associated ecosystem 
services and cultural values” (Stolton et al. 2014). A private protected area is defined as “a 
protected area, as defined by IUCN, under private governance i.e. individuals and groups of 
individuals; non-governmental organizations (NGOs); corporations; for-profit individuals; 
research entities (e.g. universities, field stations) or religious entities (Stolton et al. 2014). Many 
definitions of a private protected area exist, however, and terminology is not applied uniformly 
(Carter et al. 2008; Stolton et al. 2014; Fitzsimons 2015). For example, Namibian legislation 
provides for Private Game Reserves and Private Nature Reserves but does not define these entities; 
many private land holdings are called ‘private game reserve’ or something similar (Stolton et al. 
2014). In contrast, in neighbouring South Africa, “Private Nature Reserves” and “Protected 
Environments” are legally gazetted under the Protected Areas Act, “Biodiversity Agreements” are 
formal agreements under contract law, and “Conservation Areas” are informal, non-contractual 
agreements, but receive some form of protection by the landowners and are managed at least partly 
for biodiversity conservation (Fig. 3; Cadman 2010). Given these differences in terminology, I do 
not use the term “private protected area” but rather use the more general terms “private land 
conservation” and “private land conservation area”. This terminology is increasingly used in the 
research literature (Wallace et al. 2008; Von Hase et al. 2010; Kamal & Brown 2015; Selinske et 
al. 2015). In this thesis I define private land conservation areas (PLCAs) as “land parcels of any 
size that are managed for biodiversity conservation and potentially for nature tourism and/or 
wildlife-based ventures; protected with or without formal government recognition; and owned or 
otherwise secured by individuals, communities, corporations or nongovernment organizations”. 
The PLCAs in this study were sometimes managed by the owner, and sometimes managed 
by a manager who was employed by the owner. In order to avoid cross-reference between terms, 
I hereafter use the term “manager” to refer to the person responsible for management decisions 
and actions on the PLCA. “Manager objectives” and “owner objectives” are thus considered 
synonymous (see Chapter 2 for an assessment of this assumption).  
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1.3 Thesis outline 
In this thesis I propose that insight into the economic and ecological sustainability of the 
commercial private land conservation industry can be gained through cognizance that PLCAs are 
social-ecological systems. I predict that PLCA profitability and ecological management practices 
are driven by multi-scale interactions between natural resource systems, natural resource managers 
and their organizations, regional policies, and national and international tourist markets.  
The first objective of this research is to investigate if, how and why commercial PLCA 
managers meet their financial objectives. In order to achieve this objective, I ask three key 
questions: 
1. Are PLCA managers with financial objectives generating a profit? (Addressed in Chapter 3) 
2. How do socioeconomic (e.g. accessibility, price, infrastructure and activities) and ecological 
(e.g. number and abundance of large mammal species) characteristics of a PLCA influence its 
revenue-generating capacity and profitability? (Addressed in Chapters 3, 4 and 5) 
3. Are PLCA managers able to adapt their business strategies in order to achieve their financial 
objectives, and do adopted management strategies influence their ability to adapt? (Addressed 
in Chapter 6) 
The second objective of this research is to investigate if, how and why commercial PLCAs 
adopt unsustainable ecological management practices. In order to achieve this objective, I ask three 
key questions: 
1. Do PLCAs stock extralimital species or unsustainable numbers of game or predators? 
(Addressed in Chapters 4 and 5) 
2. Do managers implement ecological management strategies that reduce natural ecological 
variability on their PLCAs, and does this result in higher game and predator richness and 
abundance? (Addressed in Chapter 4) 
3. Do managers’ financial objectives and/or ecological monitoring practices influence their 
ecological management strategies and outcomes, and do policies related to ecological 
management on PLCAs facilitate sustainable management? (Addressed in Chapters 4 and 5) 
Chapter 2 provides a description of the study region (the Western and Eastern Cape 
Provinces of South Africa), the study site selection process, and the general methods used in this 
thesis. The business strategies adopted by PLCA managers are categorized in Chapter 3, and I 
undertake the first large-sample empirical assessment of the drivers of profitability on PLCAs (Fig. 
19 
 
4). Theories from organizational science are applied to understand patterns of diversity in adopted 
business models, and the likely long-term financial viability of PLCAs is interpreted in light of 
their financial objectives. This chapter illustrates the (largely ignored) relevance of organizational 
theories to social-ecological system analysis.  
 
 
 
Fig. 4. Logic tree illustrating the hypothesized drivers of Private Land Conservation Area (PLCA) 
profitability and management, tested in this thesis. Bracketed numbers indicate the chapter(s) that 
addresses each driver. Social drivers are illustrated in orange and ecological/biophysical drivers 
are illustrated in green.   
 
Ecological management strategies on PLCAs are assessed in Chapter 4. I quantify 
relationships between financial objectives, ecological monitoring, ecological management 
strategies, and ecological and financial outcomes (Fig. 4). Quantified ecological outcomes include 
game stocking rates and the presence of extralimital species. Social-ecological systems theory on 
the long-term consequences of managing ecological variability is used to make predictions 
regarding the ecological sustainability of alternative management strategies. The importance of 
manager action-outcome feedbacks as determinants of sustainability is discussed.     
In Chapter 5 I focus specifically on the management of large predators on PLCAs. Theory 
on scale mismatches in social-ecological systems is applied to investigate whether regional 
What determines PLCA profitability? 
Ecological attributes (3) Socioeconomic attributes (3) 
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Rainfall 
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dependent) (6) 
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policies pertaining to large predator management and PLCA managers’ financial objectives 
influence the sustainability of observed stocking rates of large predators, and the resultant 
ecotourism revenues generated from national and international tourists (Fig. 4).  
Patterns in PLCA profitability and management are described in Chapters 3 to 5 using 
empirical ecological and financial data pertaining to a single year on surveyed PLCAs (2013). In 
order to test hypothesized mechanisms driving these patterns, I develop a mechanistic model of a 
PLCA in Chapter 6. I develop the model using simple rules for game and predator population 
dynamics relative to rainfall and land area (which are dependent on a given location’s climate and 
land price, respectively), infrastructure and management strategies, and PLCA socioeconomic 
development options over time relative to accumulated capital and initial infrastructural 
constraints. I apply theories from organizational science to explore whether initial conditions 
(rainfall, land area, infrastructure) and ecological management strategies influence the ability of 
PLCAs to adapt their business models to meet their financial objectives over time (Fig. 4).  
In Chapter 7 I synthesize my findings in light of my aim and objectives. I describe how 
PLCA profitability and management practices are driven by multi-scale, social-ecological 
interactions. I use insights gained from the unique application of organizational sciences to social-
ecological system analysis to discuss how organizational theories could be better embedded within 
social-ecological systems theory. I emphasize that answering the “why” questions posed by this 
thesis necessitates understanding manager action-outcome feedbacks; an important but ill-
considered driver of sustainability in social-ecological systems. I outline the practical implications 
and recommendations of my study, and highlight emergent opportunities for further research.  
Chapters 3 to 6 have been written as stand-alone papers to facilitate publication of this 
research (refer to “Papers arising from this thesis”). While I have removed repetition in concepts 
and methods as much as possible for the purposes of this thesis, in some cases this repetition is 
essential for the readability of each chapter.  
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CHAPTER 2: STUDY REGION AND GENERAL METHODS 
 
 
2.1 Study region and study site selection 
This thesis focusses on commercial Private Land Conservation Areas (PLCAs) in a region 
that has seen substantial growth in this industry over the past 20 years but remains poorly 
understood; the Western and Eastern Cape Provinces of South Africa. The Western Cape Province 
is 130,000 km2 in extent and characterized by the Fynbos, Nama-Karoo, Succulent Karoo and 
Thicket biomes (Fig. 1). It is a region of high biodiversity value, with the Cape Floristic Region 
and the Succulent Karoo being two of the world’s 25 biodiversity hotspots (Myers et al. 2000). 
Cape Town is the largest city and five national roads pass through the province. The province has 
two airports: Cape Town International and George National (Fig. 1).  
The Eastern Cape Province is 169,000 km2 in extent.  It is the only province to contain all 
three of South Africa’s global biodiversity hotspots (Cape Floristic Region, Succulent Karoo and 
Maputoland-Pondoland-Albany; Myers et al. 2000), with the Grassland, Nama-Karoo, Savanna, 
and Forest biomes also occurring in the province (Fig. 1). The largest city is Port Elizabeth and 
four national roads pass through the province. The province has two airports: Port Elizabeth 
International and East London National (Fig. 1). 
A list of commercial PLCAs in the Eastern and Western Cape Provinces of South Africa 
was compiled using the South African Protected Area Database (Department of Environmental 
Affairs 2016). This list was augmented by the list of PLCA managers interviewed by Baum (2016), 
as well as online searches using keywords such as “private”, “game”, “nature” and “reserve”. I 
included sites that met the PLCA definition (see section 1.2.3), and provided diversity in size, 
geographical location, ecology (richness and type of vegetation, game, megaherbivores and large 
predators), legal status, available facilities and marketed activities. Game include equid and bovid 
species, such as plains zebra Equus quagga and springbok Antidorcas marsupialis. 
Megaherbivores are herbivores weighing over 1000 kg; African megaherbivores include black 
rhinoceros Diceros bicornis, elephant, giraffe, hippopotamus Hippopotamus amphibius and white 
rhinoceros Ceratotherium simum. Members of the large African predator guild include cheetah 
Acinonyx jubatus, brown hyaena Parahyaena brunnea, leopard Panthera pardus, lion Panthera 
leo, spotted hyaena Crocuta crocuta and wild dog Lycaon pictus.  
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Fig. 1. Map of the Eastern and Western Cape Provinces of South Africa, depicting biomes, cities and airports. Study site Private Land 
Conservation Areas are depicted in brown.  
 
 
South Africa 
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A list of 412 potential PLCA study sites was compiled, of which contact details could be 
sourced for 151 that appeared to meet the commercial PLCA definition (76 in the Eastern Cape 
and 75 in the Western Cape). Given time constraints on data collection, 75 study PLCAs were 
selected randomly from this list, ensuring similar sample sizes from both provinces. Owners and/or 
managers of selected PLCAs were contacted by telephone, and face-to-face interviews were 
arranged with those who agreed to participate. Of this initial selection, 14 PLCAs either declined 
requests for interviews or it became evident during the interview that they had insufficient time to 
complete the questionnaire (see section 2.2) or did not meet the commercial PLCA definition. An 
additional 11 PLCAs were contacted, resulting in a final sample size of 72 PLCAs (Fig. 1).  
 
2.2 Data collection 
In order to meet the objectives outlined in Chapter 1, I developed a questionnaire to be 
answered by the owners or managers of study site PLCAs. The questionnaire was circulated to 
specialists for recommendation, after which ethics approval was obtained (University of Cape 
Town Faculty of Science Research Ethics Committee Approval Code FSREC 11– 2014). The 
questionnaire was then tested in two pilot interviews and some modifications were made.  
The final questionnaire comprised of four sections (see Questionnaire 1), each of which 
included both structured, categorical questions and open-ended questions. The first section 
included general details on the PLCA: size, property details (farm numbers/names), age, prior land 
use, ownership details, fencing etc. It asked for details of the interviewee: position, duration of 
employment to-date, prior experience and education. Interviewees were asked to fill in a timeline 
of notable changes in PLCA ownership, size, objectives, business strategies etc. The remainder of 
this section related to (a) the objectives for the PLCA, and (b) how important various ecological, 
infrastructural, location, activity, target market and marketing attributes were to achieving these 
objectives. When non-owners (i.e. employed managers) were interviewed, if they stated that they 
were unable to answer these questions then the PLCA owner was contacted. The second section 
related to financial attributes of the PLCA in the 2013/2014 financial year: pricing, overnight and 
day visitor capacities and occupancy rates, staff numbers, revenues and operating costs, financial 
requirements and thresholds. The third section related to the ecological management of the PLCA: 
how the vegetation, game and predators were managed. Interviewees were asked if they undertook 
any monitoring or research on the PLCA, and what types of information guided their management 
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decisions. Species lists, game counts (for 2013 or the closest year prior to this), maps and 
management plans were requested. Finally, information was obtained on social interactions with 
other conservation organizations.  
I undertook semi-structured interviews with the owners or managers of 72 PLCAs between 
April 2014 and February 2015. Interviews mostly took place on PLCAs, though several took place 
in an alternative location, such as a coffee shop. Interview duration ranged from one to three hours 
and all interviews were conducted in English. The questionnaire was presented to all interviewees 
by means of an introductory statement that covered the following points: (a) the identity and 
affiliation of the interviewer; (b) the purpose of the study and its importance; and (c) assurance of 
the anonymity of the study participants and any information they provided during the interview 
(Pasquini 2007). All interviews were audio recorded and written notes were made during the 
interview. Open-ended questions were later transcribed.  
Subsequent to the interview, details of properties comprising each PLCA were used to 
identify each PLCA in the South African cadastral farm boundary data (AfriGIS 2013). Maps of 
each PLCA were thereafter created in ArcGIS 10, and used in all subsequent spatial analyses. 
PLCA legal status was verified using the provincial gazettes and stewardship databases.  
Study site PLCAs were owned by either individuals or corporations. I interviewed 29 non-
owner managers and 43 owners. I performed Fisher’s tests to assess whether non-owners and 
owners differed in their stated objectives for the PLCA. There was no difference in the relative 
number of owners and managers that rated profit generation as an important (Likert rating > 3, see 
Questionnaire 1) vs. unimportant (Likert rating ≤ 3) objective (Fisher’s exact p = 0.3), nor was 
there a difference in the relative number of owners and managers that rated conservation as an 
important vs. unimportant objective (Fisher’s exact p = 0.99). All analyses were performed in the 
statistical programme R (R Development Core Team 2016) at a significance level of α = 0.05. 
Managers’ objectives and owners’ objectives are therefore considered as synonymous in this 
thesis. 
 
 
 
 
25 
 
Questionnaire 1. Research questionnaire for the managers of study site 
Private Land Conservation Areas (Note: additional writing space, present in 
the original version, has been removed here) 
 
Park code________________ Date and duration________________ 
 
1. Private protected area objectives and strategies questionnaire 
1.1 Personal data 
Name code___________________________________________ 
Position in the park_____________________________________ 
Education____________________________________________ 
When did you join the park?______________________________ 
Number of years of experience in park management__________ 
 
1.2 Park data 
When was the park established and opened to the public?______ 
How big is the park?____________________________________ 
What are the names / numbers of the farm portions that make up the 
park?_____________________________________________ 
Who owns the park?____________________________________ 
What nationality is/are the owners?________________________ 
Has ownership changed since park establishment?____________ 
What was the land use of the area prior to park establishment? 
____________________________________________________ 
Is the park fully / partially game fenced?____________________ 
 
1.3 Please describe the objectives of the park__________________ 
____________________________________________________ 
1.4 Can you describe your strategy for achieving these objectives?  
____________________________________________________ 
 
1.5 Have the objectives of the park changed since its inception? If so, 
how?________________________________________________ 
 
1.6 Please rate the following objectives on a scale of 1 (not relevant) to 5 
(very important):     1 2 3 4 5 
To make a profit  □ □ □ □ □ 
Conservation /   □ □ □ □ □ 
protecting nature   
Education   □ □ □ □ □ 
Research facilitation  □ □ □ □ □ 
The owner’s personal  □ □ □ □ □ 
enjoyment / family history  
Other________________ □ □ □ □ □ 
 
1.7 If conservation is an objective of the park, is there a specific aspect of 
conservation that the park is focused on? (For example, endangered / 
rare species, large mammals, vegetation etc.) 
____________________________________________________ 
 
1.8 What do you perceive to be the most disturbing impacts / threats to the 
park’s objectives?________________________________ 
 
1.9 Please rate, on a scale from 1 (not relevant) to 5 (very important), the 
following problems in contributing to general failure in a park like this 
one:      1 2 3 4 5 
Ecological problems  □ □ □ □ □ 
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1 2 3 4 5 
Social problems  □ □ □ □ □ 
Economic problems  □ □ □ □ □ 
Other___________________ □ □ □ □ □ 
 Why do you say this?___________________________________ 
 
1.10 Below is a timeline of your park, starting when the park was 
established. Please indicate on this timeline any changes in park 
ownership, size, objectives, business strategies, and anything else that 
you see as important in describing how your park has developed and 
changed.  
 
 
 
 
 
 
 
1.11 Please rate the following attributes of the park in terms of their 
importance for achieving the park’s objectives, on a scale of 1 (not 
relevant) to 5 (very important): 
1.11.1 Ecological attributes   1 2 3 4 5 
Megaherbivores    □ □ □ □ □ 
(giraffe, elephant, rhino, hippo)   
Large predators   □ □ □ □ □ 
(lion, leopard, cheetah, wild dog, hyaena)  
Large mammals   □ □ □ □ □ 
(e.g. antelope, zebra)   
Small mammals, reptiles,  □ □ □ □ □ 
invertebrates    
Birds    □ □ □ □ □ 
Fish    □ □ □ □ □ 
1 2 3 4 5 
A specific species___________ □ □ □ □ □ 
Vegetation    □ □ □ □ □ 
Rivers / dams   □ □ □ □ □ 
Landscape features   □ □ □ □ □ 
(e.g. waterholes, viewing points): ______  
Other_____________________ □ □ □ □ □ 
 
1.11.2 Infrastructure, location and economic attributes  
1 2 3 4 5 
Accommodation    □ □ □ □ □ 
Restaurant / catering facilities □ □ □ □ □ 
Self-catering facilities  □ □ □ □ □ 
Conference centre  □ □ □ □ □ 
/ event facilities 
Day visitor facilities  □ □ □ □ □ 
Curio shop   □ □ □ □ □ 
An attraction nearby the park □ □ □ □ □ 
(e.g. town, national park etc.),  
please specify______________ 
Other_____________________ □ □ □ □ □ 
 
1.11.3 Target market attributes   1 2 3 4 5 
International visitors   □ □ □ □ □ 
National visitors    □ □ □ □ □ 
Rate the importance of visitors from the following international origins:  
European    □ □ □ □ □ 
Asian    □ □ □ □ □ 
Russian    □ □ □ □ □ 
North American   □ □ □ □ □ 
Australian    □ □ □ □ □ 
African (excluding South African) □ □ □ □ □ 
South American   □ □ □ □ □ 
Date
: 
Event
: 
Park 
establish-
ment 
Time 
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What are the three most important origins of local visitors? 
1 2 3 4 5 
1.________________________ □ □ □ □ □ 
2.________________________ □ □ □ □ □ 
3.________________________ □ □ □ □ □ 
 
1.11.4 Activities    1 2 3 4 5 
Guided game viewing  □ □ □ □ □ 
Other guided tours___________ □ □ □ □ □ 
Self-drive game viewing  □ □ □ □ □ 
Walking / hiking / climbing □ □ □ □ □ 
Driving off-road / 4x4’ing  □ □ □ □ □ 
Watersports   □ □ □ □ □ 
(canoeing, boating, swimming) 
Game handling   □ □ □ □ □ 
Birding    □ □ □ □ □ 
Fishing    □ □ □ □ □ 
Hunting    □ □ □ □ □ 
Volunteering    □ □ □ □ □ 
Events    □ □ □ □ □ 
(e.g. weddings, conferences) 
Environmental education  □ □ □ □ □ 
Spa treatments   □ □ □ □ □ 
Child care / entertainment □ □ □ □ □ 
Game sales   □ □ □ □ □ 
Natural product sales  □ □ □ □ □ 
(excluding game)  
Agriculture / livestock farming □ □ □ □ □ 
Other_____________________ □ □ □ □ □ 
 
1.11.5 Park marketing   1 2 3 4 5 
Website    □ □ □ □ □ 
Advertisements   □ □ □ □ □ 
1 2 3 4 5 
Tour operators / agents   □ □ □ □ □ 
Social media   □ □ □ □ □ 
Word of mouth   □ □ □ □ □ 
Other_____________________ □ □ □ □ □ 
Please provide the five most important key words used to market your 
park: (1) ________________(2)________________ 
(3)________________(4)_______________(5)_______________ 
 
2. Private protected area financial questionnaire 
2.1 What are the rates charged for a night’s accommodation per person, in 
each accommodation type? 
Accommodation 
Type 
Star 
rating 
High season    
( _________ ) 
Low season      
( _________ ) 
    
    
    
      Are meals included in accommodation rates?     Yes □          No □ 
What activities are included in accommodation rates?_________ 
 
2.2 What are the rates charged for park entrance fees / day visitors: 
____________________________________________________ 
 
2.3 What are the rates charged for functions? 
____________________________________________________ 
 
2.4 What are the costs of additional activities?   
1. ___________________ 2. ___________________   
3. ___________________ 4. ___________________      
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2.5 For overnight guests, how many can you accommodate at any one 
time? ____________________________________________ 
2.6 For day visitors, how many do you allow to visit at any one time? 
____________________________________________________ 
2.7 What was your occupancy rate for overnight guests in 2013? 
____________________________________________________ 
2.8 How many day visitors did you get in 2013?__________________ 
2.9 When is your high, medium and low season, according to visitation 
rates? 
High___________ Medium___________ Low___________ 
2.10 Do you collect data about tourism in your park and are you able / 
willing to make these available to us?  Yes □  No □ 
2.11 How many staff members do you employ for: 
a. The reserve______ b. The lodge______ c. Other______
2.12 In which category is the total revenue which the park received in the 
last (2013/2014) financial year: 
     None □  <R100 000 □ 
R100 000 to R200 000 □  R200 000 to R500 000 □  
R500 000 to R1 million □  R1 million to R5 million □ 
     R5 to R10 million □                        >R10 million □     
  Actual amount: ____________________________________ 
  Can you provide figures for the previous years?     Yes □      No □ 
2.13 Please detail the relative proportions (and/or amounts) of the park’s 
revenue that come from: 
Are there any additional revenue sources, such as money from the owner, 
funding / donations, ecosystem service payments etc.?     
Yes □          No □        Details________________________________
2.14 In which category is the total running cost incurred by the park in 
the last (2013/2014) financial year: 
     None □  <R100 000 □ 
R100 000 to R200 000 □  R200 000 to R500 000 □  
R500 000 to R1 million □  R1 million to R5 million □ 
     R5 to R10 million □                        >R10 million □     
  Actual amount: ____________________________________ 
  Can you provide figures for the previous years?     Yes □      No □ 
2.15 Please detail the relative proportions (and/or amounts) of the park’s 
costs that are attributable to: 
Percent / Amount 
Percent / Amount 
Ecotourism 
Education groups 
Volunteer ecotourism 
Event hosting 
Researchers 
Biltong hunting 
Trophy hunting 
Game sales 
Farming 
Other___________________ 
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Maintenance (lodge, roads, fences, vehicles)    
Lodge staff salaries (incl. field guides)    
Reserve staff salaries    
Game purchases     
Game management (e.g. veterinary bills, food etc.)    
Ecological research and monitoring     
Marketing and administration    
Insurance    
Food and beverages    
Fuel    
Rates    
Permits / licenses    
Other    
 
2.16 In which category was the total start-up cost incurred by the park:                    
None □                         <R100 000 □     
R100 000 to R200 000 □       R200 000 to R500 000 □     
R500 000 to R1 million □       R1 million to R5 million □  
         R5 to R10 million □                        >R10 million □           
Actual amount: _______________________________________ 
What percentage of this start-up cost has been paid off?______ 
 
2.17 Did the park in the last (2013/2014) financial year:  
Make an operating profit □      loss □       broke even □ 
 
2.18 What percentage of park profit do you reinvest in the park? 
____________________________________________________ 
 
2.19 In the last five years has the financial situation of the park: 
      Improved □ Stayed the same □      Worsened □ 
2.20 Is the park the owner’s only source of income?  Yes □      No □ 
 
2.21 What are the owner’s current and future requirements, in terms of 
annual financial output?__________________________ 
 
2.22 Please tell me what the owner would do in the following situations:        
                           Sell     Change     Other      
The park:                                  park    land use      
made a loss for the next 5 years           □       □           □            
Details _________________________________________________ 
made a loss for the next 10 years         □             □          □   
Details ________________________________________________ 
made a loss for the next 20 years         □             □          □         
Details ________________________________________________ 
only broke even for the next 5 years     □        □           □         
Details ________________________________________________ 
only broke even for the next 10 years   □        □           □         
Details ________________________________________________ 
only broke even for the next 20 years   □        □           □         
Details ________________________________________________ 
      
2.23 Under what circumstances may the owner decide to sell the park or 
change its land use?______________________________ 
 
3. Private protected area management questionnaire 
3.1 Please describe your general approach to management on the 
park_________________________________________________ 
3.2 Do you have a management plan for your park?   Yes □        No □ 
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If yes, who developed it and when?________________________ 
Do you update your management plan?                Yes □        No □ 
If yes, who updates it and how often?_______________________ 
Would you be willing to provide me with a copy?  Yes □        No □ 
 
3.3 How often has the manager position been newly filled in the last five 
years?____________________________________________ 
 
3.4 Does the park employ or make use of an ecologist / conservationist?     
Yes □        No □       If yes, please provide details (qualification and how 
long this position has existed / how frequently the person is consulted if 
not employed etc.)_________________________________________ 
 
3.5 Do you perceive hunting and ecotourism to: 
Conflict with each other □ Complement each other □  
    Not affect each other □ 
If you provide both activities, are they spatially/temporally separated on 
your park?                 Yes □        No □ 
 
3.6 Do you do game counts? How and how often?________________ 
Would you be willing to supply me with current game count data / a 
species list for the park:                                      Yes □        No □ 
Can you provide counts for previous years?       Yes □        No □ 
Which large predators occur on the park? Do they occur in a 
subsection of the park, and if so, how big is this subsection? 
____________________________________________________ 
3.7 Do you have GIS layers for your park (vegetation, roads, infrastructure 
etc.)?                                                                                Yes □        No □ 
Would you be willing to share this information with me?  Yes □       No □ 
 
3.8 Do you actively manage the following aspects of your park:  
3.8.1 Vegetation:                                                                Yes □       No □ 
How?____________________________________________________
___________________________________________________________ 
 
Do you:             
Regularly/ 
continuously
/always 
Seasonally 
each year 
Irregularly 
(once/twice 
each yr) 
< once/ 
yr 
< 
once/ 
5 yrs 
Never 
 
Use prescribed fire            
  □                     □                     □                    □               □           □ 
Clear alien invasives   
  □                     □                     □                    □               □           □ 
Restore natural vegetation / control soil erosion 
  □                     □                     □                    □               □           □ 
Cut / irrigate natural vegetation  
  □                     □                     □                    □               □           □ 
Other ___________________  
  □                     □                     □                    □               □           □ 
 
Why do you manage the vegetation? 
___________________________________________________________ 
 
3.8.2 Game:                                                                       Yes □        No □ 
How?____________________________________________________
___________________________________________________________ 
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Do you:    
Regularly/ 
continuously
/always 
Seasonally 
each year 
Irregularly 
(once/twice 
each yr) 
< once/ 
yr 
< 
once/ 
5 yrs 
Never 
 
Introduce game      
  □                       □                     □                    □              □             □ 
Sell game                
  □                       □                     □                    □              □             □ 
Hunt     
  □                       □                     □                    □              □             □ 
Contracept   
  □                       □                     □                    □              □             □ 
Provide additional food  
  □                       □                     □                    □              □             □ 
Inoculate / dip against disease            
  □                       □                     □                    □              □             □ 
Veterinary treatment of diseases / injuries  
  □                       □                     □                    □              □             □ 
Antipoaching activities  
  □                       □                     □                    □              □             □ 
Use of enclosures / bomas     
  □                       □                     □                    □              □             □ 
Use of artificial waterholes      
  □                       □                     □                    □              □             □ 
Other _________________    
  □                       □                     □                    □              □             □ 
 
Why do you manage the game? 
_______________________________________________________ 
 
3.8.3 Predators:        Yes □          No □ 
How?________________________________________________ 
____________________________________________________ 
Do you:          
  Regularly/ 
continuously
/always 
Seasonally 
each year 
Irregularly 
(once/twice 
each yr) 
< once/ 
yr 
< 
once/ 
5 yrs 
Never 
 
Introduce predators            
  □                       □                     □                    □              □             □ 
Sell predators      
  □                       □                     □                    □              □             □ 
Cull   
  □                       □                     □                    □              □             □ 
Contracept   
  □                       □                     □                    □              □             □ 
Provide additional food  
  □                       □                     □                    □              □             □ 
Inoculate / dip against disease            
  □                       □                     □                    □              □             □ 
Veterinary treatment of diseases / injuries  
  □                       □                     □                    □              □             □ 
Antipoaching activities  
  □                       □                     □                    □              □             □ 
Use of enclosures / bomas     
  □                       □                     □                    □              □             □ 
Use of artificial waterholes      
  □                       □                     □                    □              □             □ 
Other _________________    
        □                       □                     □                    □              □             □ 
 
Why do you manage the predators? 
___________________________________________________________ 
 
3.9 Please explain to me what information you generally use to inform the 
management of vegetation, game and predators. _________________ 
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3.10.1 How often do you use the following sources of information to make 
your decisions regarding vegetation, game and predator 
management on the park:    
   Never     Occasionally     Mostly     Always     Details 
Personal experience      
       □                   □                    □             □         __________ 
Consultation with other managers or experts      
       □                   □                    □             □         __________ 
The management plan        
       □                   □                    □             □         __________ 
Evidence from on-site monitoring or research       
       □                   □                    □             □         __________ 
Text books / manuals       
       □                   □                    □             □         __________ 
Scientific publications     
       □                   □                    □             □         __________  
The park’s current economic situation / cashflow / revenue generation 
       □                   □                    □             □         __________ 
Other  ________________ 
       □                   □                    □             □         __________ 
 
3.10.2 Do you perform any research on the park, what type, how and how 
often?_________________________________________ 
 
3.10.3 Do you perform any ecological monitoring on the park, what type, 
how and how often?_____________________________ 
 
3.11 How many kilometers of roads and square meters of infrastructure 
do you have on the park?__________________ 
          Do you allow off road driving?        Yes □          No □ 
 
4. Private protected area interaction questionnaire 
4.1 What other conservation entities do you interact with?     
National Parks (NP): ____________________________________ 
Provincial Parks (PP):____________________________________ 
Private Protected Areas (PPAs):____________________________                           
Organizations / Specialists:________________________________ 
 
4.2 How often do you interact with these entities? 
 Weekly     Monthly     Biannually     Annually     < Annually 
NP      □  □        □         □        □ 
PP      □  □        □         □        □ 
PPA    □  □        □         □        □ 
Organizations / Specialists    
        □  □        □         □        □ 
 
4.3 On a scale of 1 (not relevant) to 5 (most important) please indicate your 
opinion with regards to the role that these entities play with facilitating: 
      1 2 3 4 5 
Marketing collaboration (in terms of ecotourism/hunting/wildlife trade) 
      □ □ □ □ □ 
Marketing competition   □ □ □ □ □ 
Spread of ecological problems (e.g. diseases, alien invasive species) 
      □ □ □ □ □ 
Control of ecological problems  □ □ □ □ □ 
Sharing of resources and equipment  □ □ □ □ □ 
Sharing of wildlife knowledge and research □ □ □ □ □ 
Other___________________  □ □ □ □ □ 
 
4.4 Do you have any other comments?_________________________ 
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CHAPTER 3: MONEY AND MOTIVES: AN ORGANIZATIONAL ECOLOGY 
PERSPECTIVE ON PRIVATE LAND CONSERVATION 
 
 
Abstract 
Analyses of institutions (rules, laws, traditions) and their relevance for conservation are 
increasingly common in conservation contexts. By contrast, the organizations that operate 
within the framework provided by institutions are less researched. I applied ideas from 
organizational ecology to understand the economic strategies of private land conservation areas 
(PLCAs), and their sustainability. The biophysical and socioeconomic characteristics of 72 
commercial PLCAs in the Eastern and Western Cape Provinces of South Africa were used, via 
principal components and cluster analyses, to identify alternative business models. I found four 
distinct business models with different financial productivity and objectives. The most 
profitable models were (1) large ecotourism areas with many charismatic 
(megaherbivore/predator) and other (antelope) game species, expensive accommodation, and 
guided activities; and (2) small ecotourism areas with many charismatic game species, fewer 
other game species, short travel time from the nearest airport, guided activities and day visitors. 
The less profitable models were (3) hunting reserves, with 54% of managers seeking to 
generate profits but not doing so, creating a mismatch between financial objectives and 
financial returns; and (4) PLCAs with few game species and cheap accommodation/activities, 
which were similarly unprofitable although an absence of financial objectives limited 
mismatches to just 5%. Biophysical and socioeconomic incompatibilities between different 
business models make it difficult for PLCAs to change their business model if objectives are 
not met. Initial (and rational) choices of how to manage a natural resource can thus constrain 
future management options and the organization’s ability to persist in a dynamic environment. 
 
3.1 Introduction 
Many conservation actions have come under criticism for being insufficient or 
ineffective, often as a result of limitations incurred by either the institutions (rules, laws, 
traditions) that regulate how conservation actions can be achieved or the organizations 
(governmental departments, businesses, societies, nonprofit groups) that undertake them. 
Analyses of institutions and their relevance for conservation are increasingly common in 
conservation contexts (Barrett et al. 2001), and recognition of the importance of institutions for 
conservation success is widespread in both social-ecological system analysis and conservation 
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science (e.g. Ostrom 1990; Anderies et al. 2004). Somewhat less attention has been paid to the 
role of organizations. 
The scientific community has called for an assessment of the capacity of conservation 
organizations to adapt to changing conditions, and an identification of the drivers of persistence 
in this diverse global network (Larson et al. 2014; Armsworth et al. 2015). Given the 
importance of organizations for conservation, it seems strange that the existing body of theory 
relating to organizations has been largely ignored by conservation scientists. Of particular 
relevance is the field of organizational ecology, which has emerged from the application of 
ecological perspectives to the business environment. Organizational ecology seeks to explain 
how environmental (social, economic, political) conditions affect the relative abundance and 
diversity of organizations, and to understand the changing composition of organizations over 
time (Hannan & Freeman 1977; Baum 1999). In understanding the relative abundance and 
diversity of organizations, it is hypothesized that organizations become segregated into distinct 
clusters sharing a common “identity” when there are incompatibilities between organizational 
characteristics that restrict the combinations of characteristics that can emerge and persist (e.g. 
technological incompatibilities and transaction costs in manufacturing, construction, farming, 
and commercial industries; Hannan & Freeman 1986; Ruef 2000).  
In considering changes in the composition of organizations over time, organizations 
may have difficulty adapting their identities efficiently to meet the demands of an uncertain, 
changing environment. Effective adaptation can be limited by high sunk (unrecoverable) costs 
and legal and economic barriers of exit and entry (which impede organizations leaving or 
entering an industry; Hannan & Freeman 1977). Organizational ecologists have argued that 
organizational survival is dependent on a high degree of reliability in the provision of 
services/activities, and accountability in management actions (Hannan & Freeman 1984; 
Hannan et al. 2004). The theory of structural inertia states that (a) organizations are often 
unable to adapt at an appropriate rate to emerging changes in their environment; and (b) 
frequent adaptation to constantly changing conditions can be maladaptive if it undermines the 
organization’s reliability and accountability (Hannan et al. 2004; Stieglitz et al. 2016). 
Organizations with identities that are “matched” with current conditions will persist, while 
“mismatched” organizations that incur limitations in their ability to adapt appropriately will 
ultimately disappear (Hannan & Freeman 1977).  
Ideas from organizational ecology have significant potential for understanding the 
likely persistence and effectiveness of conservation organizations. In this chapter I apply an 
organizational approach to the topic of private land conservation, which is increasingly 
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important in global conservation efforts (Langholz & Lassoie 2001; Stolton et al. 2014). A 
significant conservation concern is whether private land conservation areas (PLCAs) will be 
able to effectively conserve biodiversity over suitably long time frames. This question reflects 
a core theme of organizational ecology: how do environmental conditions affect the relative 
abundance and diversity of organizations, and the ability of individual organizations to persist 
over time? Here I define persistence as the continued maintenance of a natural (untransformed) 
land cover, with at least current levels of biodiversity. Environmental conditions in this context 
include biophysical and socioeconomic conditions (e.g. climate and the tourism market, 
respectively). 
Assessing the likely persistence of a PLCA requires cognizance of the motives, besides 
biodiversity conservation, behind its establishment and maintenance. An international 
assessment of PLCAs found motives to vary widely, including philanthropy, quality of life, 
business, and acquiring governmental financial incentives (Stolton et al. 2014). Many PLCAs 
have developed fund-generating activities such as ecotourism and hunting (Langholz & Lassoie 
2001; Stolton et al. 2014). The motive underlying these activities is sometimes to offset PLCA 
costs, with other PLCA owners stating profit generation to be an important objective in-and-
of-itself (Langholz et al. 2000; Pasquini et al. 2010a). Understanding the ability of such PLCAs 
to achieve their objectives therefore requires an assessment of the efficacy of PLCAs in 
generating profits.  
In Latin America and sub-Saharan Africa in the 1990’s, 59% of surveyed PLCAs were 
profitable (Langholz 1996). Financial models suggest that ecotourism has the potential to 
generate a greater return on investment than hunting in some southern African countries, while 
both activities fare poorly in others (Barnes & de Jager 1996; Barnes 2001; Absa Group 
Economic Research 2003). Consumptive uses of wildlife, such as meat sales and hunting, have 
nonetheless become important industries in southern Africa (Bond et al. 2004; Novelli et al. 
2006).  
Within the ecotourism industry, forest reserves in eastern Africa attracted fewer visitors 
than savanna game parks (Bayliss et al. 2014). Megaherbivores and large predators were the 
most popular species for international visitors to South Africa, though local visitors were more 
interested in smaller, rarer species and scenery (Lindsey et al. 2007; Di Minin et al. 2013; 
Hausmann et al. 2016). “High-end, low-volume” (high price per visitor, low number of visitors) 
ecotourism on private land has become a significant industry within southern Africa, targeting 
international tourists from high income countries (Bond et al. 2004; Magole & Magole 2011). 
South Africa also supports a strong domestic tourism market, with demand for “low-end” 
36 
 
(affordable) ecotourism opportunities (Bond et al. 2004). Visitor numbers to PLCAs are 
therefore not a function of ecological attributes alone, but also other biophysical as well as 
socioeconomic characteristics of the PLCA, including affordability, accessibility, and available 
facilities (Bayliss et al. 2014; De Vos et al. 2015). The availability of educational experiences 
such as guided tours can further influence the quality of visitor experience (Kerley et al. 2003).  
Assessing the profitability of a PLCA therefore requires consideration of the adopted 
business model, as defined by available features and activities, both biophysical and 
socioeconomic. Organizational ecology defines an organization’s identity according to its 
structural features and patterns of activity (Hannan & Freeman 1977); a PLCA’s business 
model can be considered analogous to its identity. In organizational ecology, biophysical and 
socioeconomic incompatibilities between different organizational characteristics are 
interpreted as driving segregating processes that create distinct clusters, or business models, 
with different identities. Such incompatibilities are likely to be evident on PLCAs between 
certain combinations of biophysical and socioeconomic characteristics. For example, PLCAs 
that rely on large predator species to attract tourists are unlikely to support large-scale hunting 
operations because of unsustainable stresses on the game population and potentially negative 
feedback from non-hunting guests. PLCAs that offer a high-end, low-volume safari experience 
may not concurrently cater for high quantities of day visitors that would detract from this 
exclusivity. Similarly, PLCAs that are far from airports and cities are unlikely to attract high 
volumes of day visitors.  
In this chapter I focus on two questions relating to the organizational ecology of PLCAs. 
First, do distinct PLCA business models exist, and why? For the reasons outlined above, I 
anticipate that biophysical and socioeconomic segregating processes will exist in the PLCA 
industry and that distinct clusters of PLCAs will be characterized by business models that 
reflect these incompatibilities. Second, if PLCA business models are indeed discontinuous, 
what proportion of PLCAs adopting different business models match current environmental 
conditions? For those PLCAs for which profit is an important objective, a match between 
business model and current conditions is demonstrated by a match between financial objectives 
and profitability. Organizational ecology suggests that PLCAs should incur structural inertia 
as a result of segregating processes and barriers of exit and entry. This prediction would be 
supported if I were to observe PLCAs with financial returns that do not match financial 
objectives, reflecting an inability to adapt effectively to current conditions. Observed 
mismatches must be interpreted with some caution because of the role of temporal variation; 
knowledge of thresholds in how long owners would be willing to finance losses is important 
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for assessing the likely long-term persistence of mismatched PLCAs, as many PLCA owners 
report additional income sources (Langholz 1996; Langholz et al. 2000; Pasquini et al. 2010a) 
that may buffer mismatches. I test my predictions using commercial PLCAs in the Western and 
Eastern Cape Provinces of South Africa, and relate my findings to conservation organizations 
and natural resource management more generally.  
 
3.2 Methods 
3.2.1 Data collection 
Four categories of information were obtained during interviews with the managers of 
72 PLCAs in the Western and Eastern Cape Provinces of South Africa (Chapter 2), and from 
additional sources, as detailed in Table 1. 
 (1) PLCA specifications: Information on PLCA age, location and names of included 
farms was obtained. 
(2) Objectives: The conservation and financial motives of the PLCA were assessed by 
asking each manager to rate protecting nature and profit generation as PLCA objectives on a 
Likert scale from one (not important) to five (very important). In order to identify potential 
financial thresholds, managers were asked (a) if an external income source contributed to 
funding the PLCA and (b) what actions would be taken in hypothetical situations where they 
did not achieve the PLCA’s financial objectives in the next 5, 10, and 20 years. These actions 
were thereafter grouped into “no action” (finance the PLCA from external income sources), 
“sell the PLCA” or “try to adapt” (e.g. change the land use, sell game).  
(3) Finances: Managers were asked whether the PLCA made an operating profit or loss 
in the 2013/2014 financial year, where an operating profit is a positive EBITDA figure 
(Earnings Before Interest, Tax, Depreciation and Amortization). Managers from 69 PLCAs 
answered this question. 52 managers further provided an EBITDA value for the 2013/2014 
financial year. EBITDA (hereafter referred to as “income” or “profitability”) is obtained from 
a business’ income statement and is a commonly used metric for comparing incomes between 
businesses because it eliminates the effects of financing and accounting decisions and 
collections of assets.  
Current market value for each PLCA property was calculated from the local 
municipality general valuation rolls for 2013. A general valuation roll is a legal document 
produced every four years according to The Municipal Property Rates Act 6 (2004), which 
assigns a market value to all properties in a municipality, accounting for both the land and the 
infrastructure. I calculated the current game value for all PLCAs from game count data, using 
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average game auction prices for each species sold in South Africa in 2013 (The Unit for 
Environmental Science and Management, North West University, unpublished data). Due to 
the diversity of counting techniques used and the diversity of habitats, no visibility correction 
factors were assigned to count data. Furthermore, I excluded smaller antelope species that are 
notoriously difficult to count, such as common duiker Sylvicapra grimmia and steenbok 
Raphicerus campestris. Game data were therefore likely to be undervalued across PLCAs, but 
sufficient for relative comparisons between PLCAs.  
 
Table 1. Details and sources of data obtained for each Private Land Conservation Area 
(PLCA). Square brackets indicate characteristic names referred to in the results. 
 
Data type Details Source 
PLCA 
specifications 
Names/numbers of farm portions comprising the PLCA 
Age since opened to the public 
Location 
Interview with manager, and PLCA map 
(see Chapter 2) 
PLCA 
objectives 
Likert scale ranking of the importance of (a) protecting nature 
and (b) profit generation as a PLCA objective 
Other income source (Y/N) 
Actions to be taken if financial objectives not met in the next 5, 
10, 20 years (categorical) 
Interview with manager 
PLCA 
finances 
Operating profit made in the 2013/2014 financial year (Y/N) 
[profitability] Income for the 2013/2014 financial year  
Interview with manager, and reference 
to the PLCA income statement and 
game count, local municipality general 
valuation roll (2013), North West 
University (unpubl. data) 
 [property value] Sum of land and improvement (infrastructure) 
valuations for each farm portion comprising the PLCA 
 [game value] Total value of game  
[ROI] Return on investment 
PLCA 
characteristics 
–Biophysical 
[size] Size (ha) 
[chari_game] Number of “charismatic” game species 
(megaherbivores and large predators)  
[other_game] Number of “other” game species (equids and 
bovids) 
PLCA map (see Chapter 2) 
Interview with manager 
 [land_cover] Land cover diversity South African National Land Cover 
Dataset 
 [elev_var] Elevation range (masl) Shuttle Radar Topography Mission 
Digital Elevation Data Version 4  
-Accessibility [travel_time] Travel time to nearest airport (minutes) Google Maps 
-Affordability [price] Average daily price of visit (South African Rands) Interview with manager 
-Infrastructure [bed_no] Number of beds available 
[cat.v.sc] Importance of restaurant/catering vs. self-catering 
facilities  
[stay.v.day] Importance of overnight vs. day visitor facilities  
 
-Activities [guide.v.self] Importance of guided vs. unguided activities 
[eco] Proportion of revenue generated from ecotourism 
[hunt] Proportion of revenue generated from hunting 
[game_sales] Proportion of revenue generated from game sales 
[farm] Proportion of revenue generated from farming 
 
-Market [int.v.loc] Importance of international vs. national visitors  
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South African Rands were converted to United States Dollars using an average of the 
daily South African Reserve Bank exchange rate for the 2013/2014 financial year ($1 = 
R10.00). Return on investment (ROI), a performance measure used to compare the efficiency 
of different businesses, was calculated by dividing income by the sum of property and game 
values. The average 2013 South African bond yield was obtained from the South African 
Reserve Bank, to compare ROI with a risk free rate of return (RFR: 7.7%). 
(4) PLCA characteristics: I quantified a range of PLCA characteristics (biophysical-, 
accessibility-, affordability-, infrastructure-, activities- and target market-related) that could be 
used to distinguish different business models. Size was determined from PLCA maps, the 
numbers of “charismatic” game species (megaherbivores and large predators) and “other” 
game species (equid and bovid species) were counted using species lists, and a Shannon 
diversity index was used to calculate the abundance and diversity of natural land cover types 
in each PLCA as a metric for vegetation aesthetics, using the South African National Land 
Cover dataset and ArcGIS 10 (Van den Berg et al. 2008; De Vos et al. 2015). The standard 
deviation in elevation (masl) was used as a metric of topographical aesthetics, where a higher 
value illustrates greater diversity in elevation. Elevation raster data were obtained for South 
Africa (Shuttle Radar Topography Mission Digital Elevation Data Version 4) and the standard 
deviation in elevation (masl) was determined for each PLCA in ArcGIS 10.  
Accessibility was measured as shortest travel time (in minutes) to the nearest 
international or national airport using Google Maps. Google Maps calculates the travel time 
between two points based on the fastest route taking into account traffic (near urban centers), 
the speed limit, and road speed index (a proxy for road condition; De Vos et al. 2015). 
Affordability was calculated as average daily cost to visitor, between the most 
expensive accommodation with a full day of activities and the cheapest available option (either 
accommodation with no activities or a day’s activities with no accommodation). Number of 
available beds was determined. Activities were quantified by the proportional contribution to 
total revenue in the 2013/2014 financial year. Ecotourism represented the proportion of revenue 
generated from people visiting the PLCA to undertake ecotourism activities (including 
payments for entrance, activities, food and accommodation). Such activities included game- 
and nature-viewing drives and walks; game interaction opportunities; horse riding, quad biking 
and off-road driving; events and functions; and environmental education/volunteering 
programmes. Hunting represented the proportion of revenue generated from people visiting the 
PLCA in order to hunt or observe a hunt (including payments for accommodation, hunting fees 
and animals hunted). Game sales and farming represented the proportions of revenue generated 
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from the sale of live game and venison, and stock farming or small-scale agriculture, 
respectively. I did not have a quantitative measure of the importance of restaurant/catering 
facilities compared with self-catering facilities; the importance of overnight (i.e. 
accommodation) versus day visitor facilities; the importance of guided ecotourism activities 
compared with unguided (“self”) activities; or the importance of international visitors 
compared with national (“local”) visitors. Therefore, for each of these four metrics, managers 
were asked to rate the importance of each attribute to achieving their objectives, on a Likert 
scale from one (not important) to five (very important). Relative importance was then 
calculated as the importance of the attribute (e.g. restaurant) divided by the sum of the 
importance of both attributes (e.g. restaurant plus self-catering). Several guided and non-guided 
activities were listed (see Questionnaire 1); an average was taken to represent the importance 
of each category.    
 
3.2.2 Statistical analyses 
A principal component analysis was performed to explore correlations between PLCA 
characteristics (Table 1; R package: vegan; function: rda; Borcard et al. 2011; Oksanen et al. 
2015). Prior to performing the principal component analysis, data were transformed where 
necessary to meet the assumptions of normality and all data were scaled. Three non-trivial 
components were identified (see results) using the broken-stick method (Jackson 1993), and 
are hereafter used to represent PLCA characteristics. A multiple linear regression was 
performed to assess whether PLCA characteristics were significant predictors of income (R 
package: stats; function: lm). Number of years commercially operated (“age”) was included as 
a predictor, to control for its potential influence on income. Predictor variables were examined 
for multicollinearity to avoid correlation among covariates. Plots of fitted and observed values 
and residuals were examined for deviations from the assumptions of homogeneity and 
normality. The adjusted coefficient of determination was used to assess model fit.  
In order to assess whether PLCA characteristics were discontinuous, I performed an 
hierarchical agglomerative cluster analysis on PLCA characteristics, employing Euclidean 
distance and Ward linkages (R packages: vegan and stats; functions: vegdist and hclust; Ward 
1963; Oksanen et al. 2015). I used a Mantel-based comparison as well as mean silhouette width 
to determine the number of distinct clusters (R package: cluster; functions: daisy and silhouette; 
Maechler et al. 2015).  
Differences between the distinct PLCA business models identified by the cluster 
analysis (see results) were described by comparing differences in (a) mean principal component 
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scores and (b) mean values of the original 16 PLCA characteristics. I assessed whether there 
was a significant difference in the income, property value, game value and ROI between 
PLCAs adopting distinct business models. Comparisons were made using ANOVA and t-tests, 
and Kruskal-Wallis H and Mann-Whitney U tests, for normally and non-normally distributed 
characteristics, respectively. For each business model, differences in the number of PLCAs 
reporting protecting nature and generating profit to be important objectives (Likert scale rating 
> 3) vs. unimportant (Likert scale rating ≤ 3) were assessed using Fisher’s exact test. Statistical 
analyses were performed in the statistical programme R (R Development Core Team 2016) at 
a significance level of α = 0.05. Sequential Bonferroni corrections were used to correct for 
multiple comparisons (Rice 1989). 
 
3.3 Results 
 Three non-trivial principal components accounted for 56.5% of the variation in 16 
PLCA characteristics and explained 38.2% of the variation in income (F = 8.89, n = 52, p < 
0.001). Income (in $100,000) increased with principal component one (β = 2.38±0.51, t = 4.65, 
p < 0.001; Fig. 1) and decreased with principal component two (β = -1.89±0.56, t = -3.37, p = 
0.002; Fig. 1), while principal component three and age were not significant (t = -0.66, p = 
0.51; t = 1.18, p = 0.24, respectively).  
Two combinations of characteristics resulted in high incomes: (1) a large size, high 
number of charismatic and other game species, expensive accommodation and activities, the 
importance of a restaurant, guided activities, and international visitors; or (2) a small size, high 
number of charismatic game species but low number of other game species, low topographical 
diversity, short travel time, the importance of guided activities and day visitors, and revenue 
generated by ecotourism as opposed to hunting and game sales (Fig. 1; Appendix 3A). 
Four distinct business models were identified (rM = 0.62; average silhouette = 0.39; 
Fig. 2). All PLCA characteristics differed significantly between business models except land 
cover diversity and the proportion of revenue generated from farming (Table 2). “Hunting” 
reserves (18% of sample) were characterized by a large size, no charismatic game species, but 
large numbers of other game species; a low quantity of catered, intermediately-priced 
accommodation; a large proportion of revenue from hunting, followed by game sales; and the 
importance of international visitors (Fig. 1; Table 2).           
“Budget” reserves (29%) were categorized by a small size, no charismatic game species 
and few other game species; cheap self-catering accommodation; the majority of revenue from 
unguided ecotourism; and the importance of local, overnight visitors (Fig. 1; Table 2).  
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Fig. 1. Biplot depicting the relative scores of 16 Private Land Conservation Area (PLCA) 
characteristics on the first two principal components (PCs). Data points indicate the scores of 
72 PLCAs, with shapes corresponding to the four identified clusters (+ hunting; ■ budget; ▲ 
big game stay, ● big game day). Refer to Table 1 for characteristic descriptions. Refer to 
Appendix 3A for characteristic scores on each principal component and mean scores of each 
principal component for each PLCA cluster.  
 
Fig. 2. Dendrogram depicting the Euclidean distances between 72 Private Land Conservation 
Areas (PLCAs), according to three principal components representing 16 PLCA 
characteristics. Four clusters are evident at a Euclidean distance of 10 (rM = 0.62; average 
silhouette = 0.39). 
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“Big game stay” reserves (17%) were the largest PLCAs with the greatest topographical 
diversity, supporting multiple charismatic (“big”) game species and a large number of other 
game species. Expensive catered accommodation was on offer; with a large proportion of 
revenue generated from guided ecotourism and a smaller proportion from game sales and 
hunting. Overnight visitors were important (Fig. 1; Table 2).  
“Big game day” reserves (36%) were characterized by small size, low topographical 
diversity, multiple charismatic game species, an intermediate number of other game species 
and a short travel time. They offered intermediately-priced accommodation and activities and 
a restaurant; and the majority of revenue came from guided ecotourism. Both day and overnight 
international visitors were important (Fig. 1; Table 2). 
 
Table 2. Average (±SE) values of 16 Private Land Conservation Area characteristics for each 
business model (*bonferroni-corrected significant difference between business models). Refer 
to Table 1 for characteristic descriptions. 
 
 Hunting Budget Big game stay Big game day Statistic P 
size (ha) 5179 (±1288) 1557 (±308) 17906 (±3683) 2814 (±555) K = 34.47 <0.001* 
chari_game 1 (±0) 0 (±0) 3 (±1) 3 (±1) K = 25.28 <0.001* 
other_game 16 (±1) 6 (±1) 14 (±1) 12 (±1) F = 14.40 <0.001* 
land_cover 0.72 (±0.08) 0.64 (±0.07) 0.90 (±0.07) 0.80 (±0.05) F = 2.63 0.06 
elev_var (masl) 86 (±12) 97 (±18) 179 (±22) 52 (±6) K = 22.07 <0.001* 
travel_time (min) 137 (±15) 132 (±11) 175 (±15) 79 (±7) F = 13.73 <0.001* 
price (R) 1611 (±332) 428 (±93) 2747 (±496) 1810 (±280) K = 29.29 <0.001* 
bed_no 15 (±1) 61 (±30) 56 (±8) 47 (±7) K = 23.55 <0.001* 
cat.v.sc 0.66 (±0.05) 0.31 (±0.05) 0.65 (±0.07) 0.69 (±0.04) K = 26.20 <0.001* 
stay.v.day 0.80 (±0.03) 0.75 (±0.02) 0.82 (±0.01) 0.57 (±0.03) K = 32.20 <0.001* 
guide.v.self 0.45 (±0.05) 0.38 (±0.04) 0.62 (±0.05) 0.69 (±0.03) K = 31.11 <0.001* 
eco 0.11 (±0.03) 0.86 (±0.05) 0.81 (±0.09) 0.92 (±0.03) K = 33.67 <0.001* 
hunt 0.68 (±0.07) 0.05 (±0.03) 0.10 (±0.06) 0.01 (±0.01) K = 45.83 <0.001* 
game_sale 0.21 (±0.08) 0.01 (±0.01) 0.08 (±0.04) 0.04 (±0.01) K = 13.22 0.004* 
farm 0.01 (±0.01) 0.08 (±0.05) 0.02 (±0.01) 0.03 (±0.03) K = 4.53 0.21 
int.v.loc 0.59 (±0.03) 0.35 (±0.03) 0.49 (±0.03) 0.59 (±0.02) K = 28.29 <0.001* 
 
Profitability differed between business models (K = 13.57, p = 0.004; Fig. 3), as a result 
of big game day reserves generating greater incomes than hunting and budget reserves (W = 
22, p = 0.002; W = 29, p < 0.001, respectively). There was no difference in profitability between 
hunting and budget reserves (W = 116.5, p = 0.94). Big game stay reserves did not differ in 
profitability from budget, hunting or big game day reserves (W = 60, p = 0.42; W = 40, p = 
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0.56; W = 67.5, p = 0.28, respectively). While big game stay reserves generated, on average, 
the second greatest incomes, there was substantial variation in incomes (Fig. 3).  
Fig. 3. Comparisons across Private Land Conservation Area business models of (1) income, 
(2) property value, (3) game value and (4) return on investment (ROI), for the 2013/2014 
financial year. Lines, boxes, error bars, and circles show medians, interquartile ranges, minima 
and maxima (excluding outliers), and outliers (that deviate from the median by > 1 x the 
interquartile range), respectively. Horizontal red dashed lines indicate (1) zero profit and (4) 
South African 2013 average bond yield of 0.077. Corresponding letters indicate significant 
differences between business models.  
 
Property and game values differed between business models (K = 29.32, p < 0.001; K 
= 25.16, p < 0.001, respectively; Fig. 3).  Big game stay reserves were characterized by greater 
property values than hunting and budget reserves (W = 20, p = 0.007; W = 11, p < 0.001, 
respectively), and big game day reserves were characterized by greater property values than 
budget reserves (W = 44.5, p < 0.001). Hunting, big game stay and big game day reserves 
supported game populations of higher value than budget reserves (W = 16, p < 0.001; W = 20.5, 
p < 0.001; W = 99, p < 0.001, respectively). ROI differed between business models (K = 9.59, 
p = 0.02, Fig. 3), with big game day reserves generating a larger ROI than budget and hunting 
reserves (K = 53, p = 0.007; K = 31, p = 0.01, respectively). Big game day reserves were the 
only business model with a median ROI comparable to the RFR. 
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Protecting nature was rated an important objective on 83% of PLCAs, and this 
proportion did not differ significantly between business models (Fisher’s exact p = 0.12).  The 
proportion of PLCAs that rated profit generation as an important objective differed between 
business models (Fisher’s exact p = 0.004). Just 43% of budget reserves rated profit generation 
as an important objective, significantly fewer than hunting (92%, Fisher’s exact p = 0.004), 
big game stay (91%, Fisher’s exact p = 0.016) and big game day (79%, Fisher’s exact p = 
0.011) reserves. The red box in Figure 4 (pane 1) indicates PLCAs that stated profit generation 
was an important objective, but that were currently not generating a profit. 54% of hunting 
reserves fell within this box compared with 5%, 36% and 17% of budget, big game stay and 
big game day reserves, respectively. 94% of the PLCAs that were not currently achieving their 
financial objectives stated having another income source, usually the owner’s personal funds.  
 
Fig. 4. Proportion of Private Land Conservation Areas (PLCAs) within each business model 
that generated an operating profit vs. loss in the 2013/2014 financial year, and rated profit 
generation as an important vs. unimportant objective. Proportions and sample sizes (n) are 
indicated above each bar.  Box colours indicate extent of mismatch between actual finances 
and financial objectives: match (blue: panes 2 and 4), potential mismatch long-term (black: 
pane 3) and mismatch (red: pane 1).  
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If PLCAs that were not currently meeting their financial objectives did not meet these 
objectives within the next ten years, 38% of managers said the PLCA would be sold and 43.5% 
would try to adapt their business model. Suggested adaptations included downscaling and 
retrenching staff, increasing hunting and game sales, breeding more exotic/valuable game, 
offering specials to attract more people, closing high-end ecotourism lodges and becoming a 
hunting operation, and removing costly predators. Suggested adaptations on 12.5% of PLCAs 
included changing the land use to a wind farm or livestock farm. 6% of managers said that they 
would take no action, and 12.5% did not know. 
 
3.4 Discussion 
It is evident that PLCAs in the Western and Eastern Cape Provinces of South Africa 
represent a diverse industry in terms of their financial motives, adopted business models, and 
the efficacy of these models in meeting financial objectives. Distinct clusters of PLCAs with 
similar characteristics are evident, and the presence of strong negative correlations between 
certain characteristics suggests that incompatibilities maintain these different business models. 
Small PLCAs that support charismatic game (megaherbivores and large predators) can generate 
revenue from ecotourism but not hunting or game sales. In contrast, this incompatibility 
appears reduced for large PLCAs that support charismatic game. Larger PLCAs are likely to 
support a higher abundance of other game (bovid and equid species), allowing for multiple 
forms of top-down population control, such as predation, hunting and live game sales, though 
hunting and game sales are not intensive, comprising less than 20% of revenue. When reserves 
generate more than half of their revenue from hunting and game sales, large predators are 
absent, most likely because they would pose a financial liability by eating other valuable game. 
Low travel time increased the importance of day visitors, if combined with guided charismatic 
(“big”) game viewing opportunities. Big game reserves that charge high rates do not target 
local visitors or offer self-catering facilities and unguided activities, suggesting that these 
reserves promote a high-end experience that precludes such options. Small reserves that do not 
support many game species appear unable to charge high prices, which may explain why they 
do not offer guided activities and catering facilities that would be costly to develop and 
maintain. These trade-offs provide insights into why we observe current patterns of diversity 
in the PLCA industry, and have notable implications for profitability.   
This study provides large-sample empirical support of predictions made by earlier 
studies that high-end guided big game ecotourism has the ability to generate greater incomes 
than hunting or low-end ecotourism (Barnes & de Jager 1996; Absa Group Economic Research 
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2003; Sims-Castley et al. 2005; Lindsey et al. 2007; Bayliss et al. 2014). While additional years 
of data would be useful to confirm this pattern, it is likely to be in part because big game 
reserves can accommodate three times more visitors than hunting reserves, and charge visitors 
four to six times more than budget reserves. With hunting reserves generally being high-end, 
low-volume and budget reserves being low-end, high volume, big game reserves appear to 
maximize incomes by being both high-end and high-volume.  
Given the trade-offs between profitable combinations of ecology, size, accessibility, 
affordability, facilities and activities, two distinct business models (respectively, big game day 
and big game stay) emerge that display combinations of characteristics related positively with 
profitability. Charismatic game and guided activities are the only commonalities between these 
two business models. These characteristics can be combined with a small size, low travel time 
and the importance of day visitors; or with large size, many other game species, high price, 
catering facilities and the importance of international visitors.  
It is important to consider not only profitability but also return on investment, which 
gives an indication of the efficiency of a PLCA in generating profits relative to what has been 
invested. Big game day reserves offer the only business model that, on average, generates 
returns that are comparable with the RFR (i.e. the return that could have been generated if the 
PLCA owner had invested the money in a minimal risk investment instead of a PLCA). The 
greater efficiency of big game day reserves compared with big game stay reserves is likely to 
be partially because big game day reserves are, on average, six times smaller and thus require 
fewer resources to manage (Langholz et al. 2000).  
External income sources appear to play an important role in the maintenance of many 
PLCAs, supporting previous findings (Langholz et al. 2000; Abel et al. 2006). For owners who 
are not motivated to generate profits from their PLCA, particularly those that have adopted the 
budget business model, the sustainability of these PLCAs is likely to be dependent on the 
continued availability of these external income sources. Even for PLCAs currently generating 
a profit, their continued ability to do so is subject to the demand for game- and nature-based 
tourism. My findings therefore emphasize the dependence of many PLCAs on the broader-
scale economic processes that drive external income generation and/or tourist demand (Abel et 
al. 2006). 
Almost a quarter of PLCAs were not currently meeting their financial objectives. This 
mismatch between financial objectives and financial returns was particularly common amongst 
hunting reserves. With just one year of financial data, I cannot empirically assess the 
permanence of these mismatches or the efficacy of managers in adapting their business models 
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to eliminate them. As the success of a conservation organization is defined by its ability to 
conserve biodiversity long-term, adaptation of a PLCA’s business model (e.g. changing from 
hunting to a big game reserve) would not represent a failure in persistence, provided that 
conservation objectives continue to be met. However, evidence of challenges associated with 
changing business models suggests that managers may not be able to readily adapt to a 
mismatch. Establishing a hunting reserve requires substantial sunk costs, including investment 
in a large land area and a high number of game species. Ecological and economic 
incompatibilities result in such a reserve being unable to concurrently generate substantial 
revenues from ecotourism, which is likely reinforced by social incompatibilities in the form of 
negative perceptions of many ecotourists towards hunting (McGranahan 2011). Transitioning 
from a hunting reserve to a big game stay reserve would require additional property 
investments of $4.1 million (on average), creating a significant barrier to entry into this more 
profitable business model. Changing from a hunting reserve to a big game day reserve is 
unlikely to be successful, given that big game day reserves are characterized by high 
geographic accessibility, while hunting reserves are not. Furthermore, managers of hunting 
reserves may be unwilling to adopt guided big game ecotourism due to personal preferences 
and lifestyle choices (e.g. McGranahan 2011). Given the potential for these constraints to 
impede adaptation, it is important for us to consider the likely sustainability of mismatched 
PLCAs.  
Owners’ financial thresholds give us some indication as to whether mismatched 
organizations are likely to persist long-term, with over 80% of mismatched PLCAs stating that 
they would not continue to finance an unprofitable organization indefinitely. Over a third of 
managers stated that they will attempt to adapt if they do not manage to achieve the PLCAs 
financial objectives in the next ten years. Interestingly, while several big game reserve 
managers suggested closing high-end lodges and adopting hunting as a likely adaptation to a 
mismatch, no hunting PLCAs suggested adopting high-end ecotourism. Therefore, large-scale 
adaptation of multiple socioeconomic and ecological PLCA characteristics, as would be 
required for a PLCA to adopt a more profitable business model, appears limited on some 
PLCAs, in light of incompatibilities and barriers of exit and entry discussed above.  
The segregation of PLCAs into distinct business models with different target markets 
(high-end vs. low-end, international vs. local, ecotourist vs. hunter) may reduce competition 
between PLCAs adopting different business models. With competition thought to be growing 
in the wildlife industry in southern Africa (Bond et al. 2004), mismatched PLCAs may 
influence competition in two notable ways. Firstly, if the managers of mismatched PLCAs 
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succeed in adapting to a more profitable business model, they may increase competition within 
this business model. Secondly, if they are unable to adapt and thereby fail, they may reduce 
competition within their current business model, alleviating mismatches experienced by other 
PLCAs within this niche. It is important, however, to note that tourists may favour spending 
time in areas in which they can accumulate multiple experiences and/or travel between nearby 
reserves. The presence of two or more nearby PLCAs may in fact increase overall visitor 
numbers, to the net benefit of both/all areas, creating a facilitation effect rather than a negative 
financial outcome. For example, during interviews with tourists undertaken as part of a related 
study (Ament et al. 2016), some visitors to national parks indicated that they stayed in adjacent 
private areas where the quality of accommodation was higher and visited the national parks 
during the day. This is clearly an area in which further research on synergies and tradeoffs 
might benefit the industry as a whole and support the achievement of conservation objectives. 
The majority of PLCAs stated that nature protection was an important objective, 
supporting previous studies (Langholz 1996; Pasquini et al. 2010a; Selinske et al. 2015). If 
management attempts to increase/achieve profitability impact negatively on the PLCA’s 
ecological integrity, attempted adaptations could lead to harmful long-term ecological effects 
(Langholz & Lassoie 2001; Kerley et al. 2003; Sims-Castley et al. 2005; Cousins et al. 2008), 
and failure to meet conservation objectives. For example, if hunting reserves were unable to 
meet their financial objectives, some managers reported “hunting more game” as a likely 
response. If increased hunting exceeds ecologically sustainable levels, this may ultimately 
result in game population collapses, altered food-webs, and reduced ability to persist as a 
conservation organization. The interdependencies between the PLCA’s socioeconomic and 
ecological systems suggest that PLCAs are best considered as social-ecological systems 
(Berkes et al. 2000).  
An understanding of the diversity and likely persistence of conservation organizations 
must incorporate the fact that organizations that govern or manage natural resources emerge 
from social-ecological interactions. The significance of this fact lies, in part, in the 
consideration of temporal scale. Socioeconomic processes like tourism demand and income 
can change over short time periods, while ecological processes like habitat alteration or trophic 
cascades generally change over much longer time scales (Cumming et al. 2015). Therefore, 
PLCA managers with short-term financial objectives may more readily attempt to adapt their 
management to socioeconomic processes than to ecological processes (Cumming et al. 2015). 
If these adaptations are detrimental to slower-changing ecological processes, then a temporal 
scale mismatch arises (Cumming et al. 2006), and the PLCA becomes gradually less resilient 
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to the larger shocks that may eventually emerge from ecological feedbacks (Cumming et al. 
2015). The theory of structural inertia states that organizations that attempt to adapt too often 
and too specifically to current conditions can increase their risk of failure (Hannan & Freeman 
1984). For organizations in social-ecological contexts, this hypothesis appears to fit well: I 
propose that there is a risk that frequent and specific adaptations in response to fast-changing 
socioeconomic variables can result in unforeseen but detrimental changes to slow-changing 
ecological variables.  
 
3.5 Conclusion 
I have demonstrated that organizational ecology can be a useful framework with which 
to understand the likely persistence of conservation organizations. Identifying incompatibilities 
in organizational characteristics is useful in explaining observed diversity in conservation 
organizations. Through the theory of structural inertia, these incompatibilities and barriers of 
exit and entry can be used to explore the challenges encountered by organizations in adapting 
effectively to dynamic environmental conditions, such as changing recommendations 
regarding conservation actions and a changing economic climate (Larson et al. 2014; 
Armsworth et al. 2015). Conservation organizations are subject to varying degrees of financial 
constraint (Larson et al. 2014). “Rational routes to collapse” (Peterson et al. 2003) may arise 
when initial, rational choices of how to manage and conserve a natural resource in a given 
socioeconomic environment lead to inert organizational structures that are unable to adapt 
effectively to changing socioeconomic conditions. Attempted adaptations to overcome such 
constraints may hinder conservation efforts, and ultimately lead to organizational collapse, 
when socioeconomic and ecological processes operate at different temporal scales.  
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Appendix 3A. Scores of the 16 Private Land Conservation Area (PLCA) characteristics on the 
first two principal components (PCs) and average (±SE) scores for the four identified PLCA 
clusters (bold indicates scores ≥ │0.5│). See Table 1 for characteristic descriptions. 
 
Characteristic PC1 PC2 
size 1.07 0.49 
chari_game 1.12 -0.53 
other_game 0.95 0.54 
land_cover 0.43 -0.07 
elev_var 0.27 0.69 
travel_time -0.06 0.83 
price 1.17 0.05 
bed_no 0.43 -0.38 
cat.v.sc 1.09 -0.14 
stay.v.day 0.03 0.84 
guide.v.self 0.95 -0.53 
eco 0.07 -1.16 
hunt -0.04 1.12 
game_sale 0.38 0.71 
farm -0.48 -0.05 
int.v.loc 0.83 0.03 
Cluster Mean PC1 Mean PC2 
Hunting 0.09±0.11 1.07±0.10 
Budget -0.76±0.06 -0.08±0.06 
Big game stay 0.64±0.17 0.34±0.15 
Big game day 0.27±0.11 -0.63±0.04 
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CHAPTER 4: POSITIVES AND PATHOLOGIES OF NATURAL RESOURCE 
MANAGEMENT ON PRIVATE LAND CONSERVATION AREAS 
 
 
Abstract 
In managed natural resource systems, such as fisheries and rangelands, there is a 
recognized trade-off between managing for short-term benefits and managing for longer-term 
resilience. Management actions that stabilize ecological attributes or processes can improve 
productivity in the supply of ecosystem goods and services short-term, but erode system 
resilience at longer time scales. For example, fire suppression in rangelands can increase grass 
biomass short-term, but ultimately result in an undesirable, shrub-dominated system.  Analyses 
of this phenomenon have focused largely on how management actions influence slow-changing 
biophysical system attributes (such as vegetation composition). Data on the frequency of 
management actions that reduce natural system variation on 66 Private Land Conservation 
Areas (PLCAs) in South Africa were used to investigate how management actions are 
influenced by manager decision-making approaches; a largely ignored part of the problem. The 
pathology of natural resource management was evident on some PLCAs: an increased focus 
on revenue-generation in decision-making resulted in an increased frequency of actions to 
stabilize short-term variation in large mammal populations, which led to increased revenues 
from ecotourism or hunting. On many PLCAs, these management actions corresponded with a 
reduced focus on ecological monitoring, and an increase in game overstocking and the number 
of extralimital species (occurring outside their historical range). Positives in natural resource 
management also existed, however, with some managers undertaking vegetation monitoring, 
resulting in less intensive management, lower stocking rates and fewer extralimital species. 
This study’s unique, empirical investigation of monitoring-management relationships in 
natural resource management illustrates that management informed by revenue-monitoring 
versus ecological-monitoring can have opposing consequences for natural resource 
productivity and the likelihood of unsustainable management practices. Promoting 
management actions that maintain resilience in natural resource systems therefore requires 
cognizance of the ability of managers’ decision-making approaches to set up either 
pathological or self-correcting management feedbacks. 
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4.1 Introduction 
Many ecosystems and ecological processes are managed by people for the production 
of desirable ecosystem goods and services. Typical managed systems include such well-known 
examples as forests, rangelands, fisheries and agro-ecosystems. In each of these cases, there is 
a recognized trade-off between managing to maximize short-term benefits (often labeled as an 
‘optimization’, ‘Maximum Sustainable Yield’, or ‘Command and Control’ approach) and 
managing for longer-term resilience (Holling & Meffe 1996). For example, the management 
of fisheries under a maximum sustainable yield paradigm stabilized fish harvests in the short-
term, but ultimately resulted in the successive collapses of several globally important fish 
stocks (Larkin 1977). Other examples where the stabilization of natural system variation has 
ultimately resulted in disastrous ecological changes include pest control in farming 
monocultures, fire suppression in rangelands, and alterations to river flow regimes (Pamo 1998; 
Folke et al. 2004). These practices are sufficiently widespread that they have been termed “the 
pathology of natural resource management” (Holling & Meffe 1996). 
The trade-off between managing a natural system for short-term benefits and longer-
term resilience can be attributed to the behaviour of system variance. Attempts to improve 
predictability and productivity in the supply of ecosystem goods and services through the 
stabilization of key ecological attributes can erode system resilience because this reduction in 
short-term system variance will typically increase variance at longer time scales, a phenomenon 
known as Bode’s law (Stein 2003). In complex systems that are subject to non-linear dynamics 
and multiple possible states, this increased variance can push a system over a threshold and out 
of its current, desirable state (Carpenter et al. 2015). Most analyses of this phenomenon have 
focused on the effect of management actions on biophysical variables, such as phosphorus 
levels in freshwater systems or shrub cover in rangelands (Wright & Heinselman 1973; Ludwig 
et al. 1978; Walker et al. 1981; Anderies et al. 2002; Carpenter et al. 2015).  
Less attention, however, has been placed on the role of manager decision-making in 
driving this phenomenon. Manager decision-making is influenced by manager objectives, 
social norms and conservation ethics; a topic that has received considerable attention, 
particularly in European farming systems (Beedell & Rehman 1999; Willock et al. 1999a, 
1999b; Darnhofer et al. 2005; Janssen & van Ittersum 2007; de Snoo et al. 2013; Poppenborg 
& Koellner 2013). Managers are therefore likely to adjust their management based on the extent 
to which management outcomes meet their objectives. For example, if “command and control” 
management actions result in short-term increases in economic productivity, managers with 
economic objectives can be expected to become focused on increasing efficiency in a 
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seemingly successful system (Holling & Meffe 1996). This means that their priorities will shift 
away from the “inefficient” monitoring of long, slow system attributes that are difficult and/or 
costly to monitor (e.g. vegetation composition in a rangeland; Anderies et al. 2002). Their focus 
is expected to shift instead to efficiency-associated system properties that influence resource 
yield and change over finer, observable scales (e.g. livestock stocking rate; Anderies et al. 
2002). In the absence of broad-scale system monitoring, managers lack a way of assessing the 
influence of their management actions on the slow-changing variables that determine the 
underlying structure and thereby resilience of the system (Biggs et al. 2012). For example, in 
rangeland systems, management actions to enhance livestock production can ultimately 
influence vegetation composition, which changes over a longer time scale (Anderies et al. 
2002; Seymour et al. 2010). Managers who monitor vegetation biomass and composition, and 
adjust fire and/or livestock management accordingly, are better able to keep their system from 
shifting towards an undesirable shrub-dominated state than those who do not (Anderies et al. 
2002).   
Commercial private land conservation areas (PLCAs) are natural resource systems with 
a high potential for trade-offs between management strategies motivated by economic and 
conservation objectives. Given their presumed conservation agenda, I would expect PLCA 
management approaches to reflect long-term biodiversity conservation objectives (Langholz 
1996; Stolton et al. 2014; Selinske et al. 2015). They should therefore revolve around 
management actions that are informed by the monitoring of broad-scale system properties, and 
that allow for natural ecological variability (Walters & Holling 1990; Allen et al. 2011).  
However, profit generation is also an important motive for the managers of many 
PLCAs (Langholz et al. 2000; Stolton et al. 2014), with income generation by South African 
PLCAs positively related to the richness of large charismatic species (Chapter 3). The need to 
generate an income suggests that economic objectives may give rise to management actions 
which reduce ecological variability in attempts to increase economic productivity (Holling & 
Meffe 1996). For example, the expectations of PLCA visitors may encourage managers to 
increase stocking levels of large mammals and thereby sightings of charismatic species (Child 
et al. 2013; Maciejewski & Kerley 2014b) or to improve hunting conditions through predator 
population control (Cousins et al. 2010). The majority of PLCAs are relatively small (<10,000 
ha) and comprised of former farmland on which large mammals were extirpated (Hayward et 
al. 2007a). Supporting a high diversity and abundance of large mammals can therefore require 
intensive management in the form of game and predator reintroductions, population regulation 
through hunting, culling or contraception, and actions to enhance vegetation biomass and water 
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supply (Hayward et al. 2007a; Cousins et al. 2008; Child et al. 2013; Miller & Funston 2014). 
Bode’s law suggests that stabilization of natural vegetation, water and mammal population 
fluctuations will increase the magnitude of these fluctuations at longer time scales, thereby 
eroding the resilience of the system (Stein 2003; Carpenter et al. 2015). In addition, intensive 
management actions and the need to sustain large populations through natural cycles of climate 
variation may result in an overstocking of large mammals relative to available vegetation/prey 
biomass, as well as the stocking of charismatic extralimital species (such as giraffe in the 
Eastern Cape Province, South Africa; Kettles & Slotow 2009; Cousins et al. 2010; Maciejewski 
& Kerley 2014a). Long-term consequences of these actions may include habitat degradation 
and displacement, prey population collapses, reductions in the diversity of smaller vertebrate 
species, and compromised genetic viability of indigenous species (Castley et al. 2001; Kettles 
& Slotow 2009).  
In this study I undertook a novel, empirical evaluation of the interactions between 
manager decision-making and management actions and outcomes on PLCAs, assessing the 
evidence for management pathologies. I collected data on a set of closely related variables: the 
economic and ecological information used to inform management decisions on PLCAs, 
management strategies employed, ecological characteristics and economic productivity. I 
measured the degree of command and control management on a PLCA as the range and 
temporal frequency (or “intensity”) of management actions that would be expected to reduce 
ecosystem variability (e.g. game introductions, vegetation enhancement, water provision, 
hunting). I quantified ecological characteristics as the richness and abundance (or 
“productivity”) of large mammalian species (antelope, megaherbivores, large predators). I 
predicted that a positive relationship would exist between management intensity, ecological 
productivity, and short-term economic productivity (revenue generation; Fig. 1). Management 
intensity may influence economic productivity both directly (e.g. increased revenue from more 
frequent hunting) and indirectly via increased ecological productivity (e.g. increased 
ecotourism revenue due to higher game richness; Fig. 1).  
I predicted that the more managers based their management decisions on revenue 
generation, the more intensively they would manage their PLCAs and the less focused they 
would be on monitoring slow-changing ecosystem attributes (Fig. 1). Similarly, I predicted that 
managers that were less focused on revenue and more focused on ecological monitoring would 
less intensively manage their PLCAs (Fig. 1). I used the frequency of vegetation monitoring as 
a proxy for the degree of focus on slow-changing attribute monitoring. Finally, I explored the 
potential effect of these relationships on system resilience by assessing the influence of 
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management intensity on the stocking of extralimital species, and the overstocking of game 
species. I tested my predictions using data from 66 commercial PLCAs in the Western and 
Eastern Cape Provinces, South Africa. PLCAs in South Africa vary widely in their 
management objectives and approaches (Pasquini et al. 2010a; Child et al. 2013).   
    
 
Fig. 1. Predicted relationships between decision-making, management intensity, and ecological 
and economic productivity on a Private Land Conservation Area. Solid and dotted black arrows 
indicate positive and negative relationships, respectively, with arrow direction indicating 
causality. Grey arrows indicate likely feedbacks from ecological and economic system output 
to future decisions.  
 
4.2 Methods 
4.2.1 Decision-making: determining the information used 
During interviews with the managers of 72 PLCAs in the Western and Eastern Cape 
Provinces of South Africa (Chapter 2), I asked managers to state how often revenue generation 
informed management decisions, scored from one (never) to four (always; Table 1). Managers 
were asked if any ecological monitoring had occurred on the PLCA. I recorded the frequency 
of vegetation monitoring as a score from one (never) to four (annually; Table 1), only including 
monitoring which had been documented (as opposed to only visually noted). 66 PLCAs 
provided this information.  
 
4.2.2 Management system: determining management intensity 
 Each manager was asked to state how frequently specific management actions were 
undertaken (Table 1). Actions included those that “enhance” elements of the environment, such 
as introducing additional game (megaherbivores and antelope) or predators, providing 
additional food and water to improve game/predator survival, using “bomas” (enclosures < 
5ha) for breeding purposes or to better monitor valuable game, and active vegetation 
Information used to 
make decisions 
intensity 
 
productivity 
 
productivity 
 
economic revenue 
ecological monitoring 
Management 
system  
Ecological 
system  
Economic 
system  
(with time lag) 
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management, such as bush cutting and/or irrigating vegetation to enhance grass growth and 
thereby the biomass of grass available for large herbivores (Grossman et al. 1999; Bothma 
2002). Actions that “regulate” elements of the environment included the contraception, culling, 
hunting or selling of game or predators. These actions were allocated an integer value for their 
frequency of occurrence, from one (never) to five (regularly/continuously; Table 1). The 
categorical frequency of 14 management actions was used to develop a composite metric for 
management intensity, by performing a principal component analysis (PCA; R package: vegan; 
function: rda; Borcard et al. 2011; Oksanen et al. 2015). Two non-trivial principal components 
were identified (see results) using the broken-stick method (Jackson 1993) and used to 
represent management intensity in subsequent analyses. Linear regressions were used to assess 
whether PLCA size (km2) influenced management intensity (R package: lm; function stats). 
Plots of fitted and observed values and residuals were examined for deviations from the 
assumptions of homogeneity and normality; size was log transformed to meet these 
assumptions. Adjusted coefficients of determination were used to assess model fit. 
 
4.2.3 Ecological system: determining ecological productivity 
Mammal species lists from each PLCA were used to determine species richness of large 
predators (cheetah, brown hyaena, leopard, lion, spotted hyaena, wild dog), megaherbivores 
(black rhinoceros, elephant, giraffe, hippopotamus, white rhinoceros) and antelope (equid and 
bovid species; Table 1). Antelope, megaherbivore and predator count data were obtained from 
2013 or the most recent year prior to 2013 (Table 1). Antelope, megaherbivore and predator 
richness and count data were scaled and used to develop a composite metric for ecological 
productivity, by performing a PCA. Two non-trivial principal components were identified (see 
results), and used to represent ecological productivity in subsequent analyses. 
 
4.2.4 Economic system: determining economic productivity 
Ecotourism, hunting and game sale revenues generated by the PLCA during the 
2013/2014 financial year were obtained for each PLCA (Table 1). Ecotourism revenue was 
generated from people visiting the PLCA to undertake ecotourism activities (e.g. game- and 
nature-viewing drives and walks; game interaction opportunities; horse riding, quad biking and 
off-road driving; events and functions; and environmental education/volunteering 
programmes), including payments for entrance, activities, food and accommodation. Hunting 
revenues were generated from people visiting the PLCA to hunt or observe a hunt, including 
payments for accommodation, hunting fees and animals hunted. Game sale revenues were 
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generated from the sale of venison and/or live game. Revenue figures were recorded in South 
African Rands, and converted to United States Dollars using the average South African Reserve 
Bank daily exchange rate for the 2013/2014 financial year ($1 = R10.00).  
 
Table 1. Details of management system, ecological system, economic system and decision-
making information obtained for each Private Land Conservation Area. Square brackets 
indicate variable names referred to in the results. 
 
Category Details Units of measurement 
Decision-
making 
system 
[monitor_veg]  vegetation monitoring 
 
Frequency of action, allocated into 
categories: never (1), once (2), less 
than once per year (3), annually (4) 
 [decision_revenue] informing management decisions based on 
revenue 
Frequency of action, allocated into 
categories: never (1), occasionally 
(2), mostly (3), always (4) 
Management 
system 
[g_intr] game introductions 
[p_intr] predator introductions 
[g_boma] keeping game in enclosures < 5 ha  
[p_boma] keeping predators in enclosures < 5 ha 
[g_food] providing additional food (usually lucern) for game 
[p_food] providing additional meat for predators 
[water] providing man-made waterholes 
[veg] active vegetation management to enhance grass growth 
[g_contr] game contraception to limit reproduction 
[p_contr] predator contraception to limit reproduction 
[p_cull] culling predators (usually jackal and caracal)  
[g_hunt] hunting game 
[g_sell] selling live game 
[p_sell] selling live predators 
Frequency of action, allocated into 
categories: never (1), less than 
once per five years  (2), less than 
once per year  (3), a few times per 
year or seasonally (4), 
regularly/continuously (5) 
Ecological 
system 
[Rantelop] number (richness) of antelope species 
[Rmega] number of megaherbivore species 
[Rpred] number of large predator species 
[count_antelop] abundance of antelope 
[count_mega] abundance of megaherbivores 
[count_ pred] abundance of large predators 
Number 
 
 
 
 
 
Economic 
system 
[rev_eco] revenue from ecotourism 
[rev_hunt] revenue from hunting 
[rev_game] revenue from game sales 
United States Dollars for the 
2013/2014 financial year 
 
4.2.5 Assessing correlations between management intensity, and ecological and economic 
productivity 
As two principal components represented different management systems and another 
two represented different ecological systems (see results), I performed an exploratory PCA to 
assess which management and ecological systems correlated with which revenue streams 
(ecotourism, hunting or game sales), to inform the structural equation models described below. 
Revenue figures were square root transformed to satisfy the assumptions of normality, and 
scaled prior to performing the analysis.  
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4.2.6 Testing predictions using structural equation models 
To test the relationships predicted by the black arrows in Figure 1, between the 
management, ecological, economic and decision-making systems, I used structural equation 
models (SEMs). SEMs can be used to test hypotheses about causal effects through the study of 
path relations (Shipley 2002). They have the capacity to accommodate direct as well as indirect 
effects, and variables that are both responses of certain variables and predictors of others. The 
two identified management systems correlated uniquely with different ecological and 
economic systems (see results). A SEM was therefore developed for each management system, 
assessing the relationships between the use of economics and ecological monitoring in 
decision-making; and metrics representing management intensity, ecological productivity and 
economic productivity (R package: sem; function sem; Fox, Nie & Byrne 2012). Revenue 
figures were square root transformed to satisfy the assumptions of univariate as well as 
multivariate normality. SEMs require complete data with no missing values on any variable; 
52 PLCAs provided the necessary data. Model fits were assessed using the chi-square statistic, 
based on the maximum likelihood method of estimation (Shipley 2002). A nonsignificant chi-
square test indicates an acceptable model fit, due to a nonsignificant difference between 
observed and expected covariance matrices (Shipley 2002). Additional fit indices have been 
proposed to compensate for large sample sizes that increase power to reject models. The 
Bentler comparative fit index (CFI) compares the fit of the estimated model to that of a baseline 
or null model, which specifies that all measured variables are uncorrelated. A value of 0.95 or 
greater indicates a good model fit (Shipley 2002). As the models in this study fitted the data 
well (see results), parameter estimates were tested for significance using z statistics.  
 
4.2.7 Outcomes of management strategies 
The number of nonindigenous/extralimital game species, hereafter referred to as 
extralimital species, was determined from national and provincial species distributions 
(Skinner & Chimimba 2005). Game stocking rate, as a proportion that game metabolic biomass 
comprised of herbivore metabolic biomass carrying capacity (K), was calculated for each 
PLCA. Game metabolic biomass (0.75 game biomass in kg/km2) was calculated (Cumming & 
Cumming 2003), using a “species mass” of three quarters of adult female body mass (Skinner 
& Chimimba 2005) in order to account for intra-species sex and age differences in biomass 
(Hayward & Kerley 2005). K (kg/km2) was determined (Coe et al. 1976; Cumming & 
Cumming 2003) as: 
K =  0.02 ∗ R1.69   
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where R is average annual rainfall from 2010 to 2014, obtained from the South African Weather 
Services for the weather station geographically closest to each PLCA. Multiple linear 
regressions were used to assess whether the two identified management systems influenced (a) 
extralimital species richness and (b) game stocking rates (R package: stats; function: lm). Plots 
of fitted and observed values and residuals were examined for deviations from the assumptions 
of homogeneity and normality. Adjusted coefficients of determination were used to assess 
model fit.  
Total running costs incurred by the PLCA during the 2013/2014 financial year, and 
those attributable to salaries and fuel specifically, were obtained for each PLCA. Costs (per 
square kilometre) were compared between PLCAs that annually monitored their vegetation and 
those that did not, using Mann-Whitney U tests due to non-normal data. Frequency of 
monitoring was not related to running costs using a linear model since I only had a single year 
of financial data, and three of the four monitoring frequencies were less than once per year 
(Table 1). Statistical analyses were performed in the statistical programme R (R Development 
Core Team 2016) at a significance level of α = 0.05. 
 
4.3 Results 
Only 14% of PLCA managers monitored their vegetation annually; 53% never 
monitored their vegetation (16.5% and 16.5% monitored less than once a year and once only, 
respectively). In contrast, 47% of managers stated that revenue influenced all of their ecological 
management decisions and 16.5% stated that it never influenced their decisions (20% and 
16.5% stated that revenue mostly and rarely influenced decisions, respectively).  
Two principal components (PCs) accounted for 56.5% of the variation in 14 PLCA 
management actions and represented two unique management systems (Fig. 2). Increasing PC1 
scores depicted increasing intensity of game and predator management. Higher PC1 scores 
corresponded with a higher frequency of management actions that enhance game and predator 
populations through introductions, use of bomas, provision of food and water; and management 
actions that regulate game and predator populations through sales and contraception (Fig. 2). 
This principal component is hereafter referred to as “game and predator management 
intensity”. Increasing PC2 scores depicted increasing intensity of game management. Higher 
PC2 scores corresponded with a higher frequency of management actions that enhance 
vegetation growth, that enhance game populations through introductions and provision of food 
and water, that regulate game populations through hunting and that regulate predator 
populations through culling (Fig. 2). The more frequently these management actions were 
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taken, the less frequently predators were introduced. This principal component is hereafter 
referred to as “game only management intensity”.  
There was a weak positive relationship between PLCA size, and game and predator 
management intensity, with management intensity increasing with increasing PLCA size (r2 = 
0.20; F = 16.79, n = 66, p < 0.001; β = 0.43±0.1, t = 4.10, p < 0.001). There was no relationship 
between PLCA size and game only management intensity (r2 = 0.03; F = 3.16, n = 66, p = 
0.08).         
  
Fig. 2. Biplot depicting the relative scores of 14 Private Land Conservation Area (PLCA) 
management actions on two principal components (PCs). Data points indicate the scores of 66 
PLCAs. See Table 1 for action descriptions and Appendix 4A for action scores on each 
principal component. 
 
Two principal components accounted for 81.3% of the variation in six PLCA ecological 
characteristics and represented two unique ecological systems (Fig. 3). Increasing scores on 
PC1 depicted increasing ecological productivity in the form of antelope, megaherbivore and 
predator species richness and abundance (Fig. 3). This principal component is hereafter 
referred to as “game and predator ecological productivity”. Increasing scores on PC2 depicted 
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increasing ecological productivity in the form of antelope species richness and abundance only 
(Fig. 3). This principal component is hereafter referred to as “game ecological productivity”.     
        
  
Fig. 3. Biplot depicting the relative scores of six Private Land Conservation Area (PLCA) 
ecological characteristics on two principal components (PCs). Data points indicate the scores 
of 66 PLCAs. See Table 1 for characteristic descriptions and Appendix 4B for characteristic 
scores on each principal component. 
 
Exploratory analysis revealed positive correlations between game and predator 
management intensity, game and predator ecological productivity, and ecotourism and game 
sale revenues (Appendix 4C). Positive correlations existed between game only management 
intensity, game ecological productivity, and hunting revenues (Appendix 4C).  
A structural equation model, using the game and predator management intensity metric, 
game and predator ecological productivity metric, and ecotourism and game sale revenues, 
fitted well the predicted relationships between decision-making, management intensity, 
ecological productivity and economic productivity (Χ2 = 13.06, d.f. = 8, p = 0.1; CFI = 0.96). 
An increase in the use of revenue in decision-making resulted in an increase in game and 
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predator management intensity, which resulted in an increase in game and predator ecological 
productivity, which resulted in an increase in economic productivity in the form of ecotourism 
and game sale revenues (Fig. 4a). An increase in the use of revenue in decision-making did not 
influence the frequency of monitoring, and the frequency of monitoring did not influence 
management intensity (Appendix 4D).  
 
 
 
Fig. 4. Structural equation models depicting significant relationships between the frequency of 
ecological monitoring and revenue use in decision-making; management intensity [(a) game 
and predator management intensity; (b) game only management intensity]; ecological 
productivity [(a) game and predator ecological productivity; (b) game only ecological 
productivity]; and economic productivity [(a) ecotourism and game sales revenues; (b) hunting 
revenues]. Coefficients of determination (r2) indicate the proportion of variance of a variable 
explained by all predictor variables. Solid and dotted black arrows indicate statistically 
significant positive and negative relationships, respectively, with arrow direction indicating 
causality and the values above each arrow indicating the standardized effect (±SE). Refer to 
Appendix 4D for complete statistical output.  
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A structural equation model using the game only management intensity metric, game 
ecological productivity metric, and hunting revenue, was found to be a good fit of the predicted 
relationships between decision-making, management intensity, ecological productivity and 
economic productivity (Χ2 = 3.15, d.f. = 5, p = 0.7; CFI > 0.99). An increase in the use of 
revenue in decision-making resulted in an increase in game management intensity, which 
resulted in an increase in economic productivity in the form of hunting revenues, both directly 
and indirectly via increased game ecological productivity (Fig. 4b). An increase in the use of 
revenue is decision-making did not influence the frequency of monitoring; the frequency of 
monitoring negatively influenced game management intensity (Fig. 4b; Appendix 4D).  
The richness of extralimital species increased significantly with increases in game and 
predator management intensity, and game only management intensity (r2 = 0.44, F = 20.95, n 
= 52, p < 0.001; βgame&pred = 1.20±0.40, t = 3.04, p = 0.004; βgame = 2.10±0.39, t = 5.42, p < 
0.001). Game stocking rate, relative to game carrying capacity, increased significantly with 
game only management intensity, while game and predator management intensity did not 
influence game stocking rate (r2 = 0.30, F = 11.96, n = 52, p < 0.001; βgame = 0.85±0.19, t = 
4.57, p < 0.001; βgame&pred = 0.25±0.19, t = 1.33, p = 0.19). PLCAs that regularly monitored 
their vegetation had significantly higher running costs per square kilometre than those that did 
not, spending significantly more money on salaries and fuel (Fig. 5). 
 
 
 
Fig. 5. Running costs incurred by Private Land Conservation Areas that regularly monitored 
their vegetation, compared with those that did not. (Letters indicate significant difference: a. W 
= 70, p = 0.004; b. W = 54, p = 0.002; c. W = 34, p = 0.03). 
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4.4 Discussion 
  My analyses show that the economic productivity of managed natural resources on a 
PLCA is closely related to the regulation of short-term variation in those resources. The more 
intensive the management of large mammal populations, the greater their richness and 
abundance, and the greater the revenues generated from them. It is important to note that this 
trend is likely to be short-term and only up to a point; for example, above a threshold elephant 
density, increased elephant densities do not attract more tourists or increase sighting success 
rates (Maciejewski & Kerley 2014b). The intensity of large mammal population management 
corresponded with the degree to which revenue generation influenced management decisions. 
I therefore found evidence that the natural resource management pathology occurs on South 
African PLCAs: the more focused managers are on generating revenue, the more they 
undertake command and control management actions and the more productive (in the short-
term and up to a limit) their managed systems become. With attention focused predominantly 
on optimizing and stabilizing fast-changing variables (such as revenue, large mammal richness 
and abundance), slower-changing variables such as vegetation composition are generally 
overlooked, with over half of PLCA managers never monitoring their vegetation and just 14% 
monitoring it regularly.  
Contrary to predictions, managers that were less focused on revenue generation were 
not more likely to monitor slow-changing system variables (vegetation). While many PLCA 
owners are motivated by objectives other than profit, such as lifestyle or philanthropy, the lack 
of governmental funding to PLCAs globally means that owners are responsible for the funds 
required to sustain their PLCAs, regardless of their motivations (Langholz 1996; Langholz & 
Lassoie 2001; Kabii & Horwitz 2006; Stolton et al. 2014; Selinske et al. 2015). Vegetation 
monitoring is costly, associated with increased salary and fuel costs, perhaps because 
specialized staff and sufficient resources are necessary to implement monitoring (McDonald-
Madden et al. 2010). It is therefore possible that monitoring is prohibitively expensive on many 
of the PLCAs that do not undertake the command and control actions shown to increase 
revenue.  
  I do not have a direct means of assessing the influence of management strategies on 
slow-changing system variables, such as vegetation composition, and thereby their 
consequences for system resilience. I infer these potential consequences by considering the 
influence of management intensity on the richness of extralimital species, and the stocking 
rates of game species. The more intensively a PLCA was managed, the higher the richness of 
extralimital species. These species are often introduced because they are desirable to 
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ecotourists or hunters, but have negative effects on the vegetation, as well as indigenous 
mammals (Castley et al. 2001; Cousins et al. 2008; Maciejewski & Kerley 2014a). Similarly, 
the more intensively game on a PLCA was managed (in the absence of predators), the higher 
the game stocking rate, relative to that which can be sustained on available vegetation biomass. 
My estimates suggest that just over a quarter of PLCAs were overstocked by more than 50%, 
suggesting that intensive game management can lead to unsustainable pressures on the 
vegetation.  
The negative relationship between the frequency of vegetation monitoring and game 
management intensity suggests that a self-correcting feedback can take effect on PLCAs that 
frequently monitor their vegetation. Managers that monitor their vegetation are more likely to 
observe the detrimental effects of game overstocking and extralimital species on the vegetation, 
and respond by reducing the intensity of actions that gave rise to this problem. Hence we 
observe a reduction in management intensity following an increase in monitoring. Interestingly, 
we do not observe this relationship between management intensity and monitoring on PLCAs 
that support both game and predators. There is no relationship between management intensity 
and game stocking rate on PLCAs that have introduced predators, likely because predation 
regulates game abundance (Hunter 1998; Power 2003; Tambling & du Toit 2005; Miller et al. 
2013). It is therefore logical that vegetation monitoring does not result in the decision to reduce 
management intensity on these PLCAs. On the contrary, given signs of overgrazing, it may be 
necessary to increase the intensity of predator management in order to encourage game 
population regulation by predators. There is however, a concern that the high predator 
abundances which result from intensive management may have a detrimental impact on smaller 
mammal species, which are not usually managed or monitored (see Chapter 5; Harrington et 
al. 1999; Hayward 2011). While this study only considered vegetation monitoring, it would be 
interesting to explore the frequency of monitoring small “non-charismatic” mammal species. I 
would predict that on PLCAs supporting large predators, managers that frequently monitored 
their small mammal communities would undertake less intensive predator management 
(resulting in lower predator abundances) than those who were focused primarily on revenue 
generation and did not undertake ecological monitoring.  
  It is interesting that the two observed management systems influenced natural resource 
productivity in different ways. If a manager introduced and intensively managed game only, 
then the PLCA generated revenue from hunting. In contrast, if the manager introduced and 
intensively managed game and predators, then the PLCA generated revenue from ecotourism 
and, to a lesser extent, game sales. Large, charismatic mammals rank highest in the preferences 
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of visitors to protected areas in South Africa (Lindsey et al. 2007; Di Minin et al. 2013; 
Maciejewski & Kerley 2014a), and PLCAs supporting megaherbivores and large predators 
generate the greatest incomes, predominantly from ecotourism (Chapter 3). While these PLCAs 
can undertake hunting and game sales to some extent, dependent on their size, a focus on 
hunting necessitates the removal of predators, which kill valuable antelope species (Chapter 3; 
Cousins et al. 2008).  
  It has been suggested that smaller reserves require more intensive management 
(Hayward et al. 2007a; Funston 2008; Miller et al. 2013), and it is therefore surprising that we 
do not observe a reduction in management intensity with increasing PLCA size. The average 
size of PLCAs in this study was just 5,400 ha, in comparison to the 1,948,500 ha Kruger 
National Park that is given as an example of a large reserve in need of less intensive 
management (Funston 2008). It is therefore possible that no PLCAs in this study were large 
enough to facilitate natural ecological processes in the absence of management. Conservancies 
(the merging of multiple properties) are considered a useful tool in increasing the size of a 
given conservation area, and would likely play an important role in enabling a reduction in the 
intensive management practices currently observed on some PLCAs (Lindsey et al. 2009).  
  Models have been used to assess the biophysical implications of managing short-term 
variation in natural resource systems (Walker et al. 1981; Anderies et al. 2002; Carpenter et al. 
2015). Models have further shown that management-monitoring feedbacks can improve the 
sustainability of resource management in uncertain environments, but lead to “rational routes 
to collapse” when management decisions are informed by short-term ecosystem trends and 
decision support tools cannot consider past trends or system thresholds (Peterson et al. 2003; 
Lindkvist & Norberg 2014). My study builds on these model predictions by showing 
empirically that monitoring-management relationships exist in natural resource management, 
and that management informed by revenue-monitoring versus ecological-monitoring can have 
opposing consequences for natural resource productivity and the likelihood of unsustainable 
management practices. Amongst other things, this finding has some important implications for 
our understanding of the relationships between revenue generation and tourism. Tourists may 
be unaware that the pressure they exert on managers can lead to management practices that are 
detrimental to conservation objectives. As I have shown, empirical data can be used to explore 
and better understand the relationships between decision-making, strategies for generating 
revenue, and economic productivity in natural resource management. 
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4.5 Conclusion 
Even in natural resource systems with long-term conservation objectives, managers can 
find themselves focusing on productivity; reducing variance in fast-changing system attributes 
when the sustainability of a system is dependent on its economic viability. If they are 
continually responding to changes in revenue generation that can be detected over a shorter 
time scale than the ecological variation that ultimately determines system resilience, managers 
can slip into less sustainable management regimes despite their conservation objectives. 
Therefore, in addition to building recommendations for how natural resources should be 
managed (Carpenter et al. 2015), an important, yet largely ignored aspect of promoting resilient 
natural resource systems entails understanding why managers act as they do and how, why, 
and when their actions may drift towards unsustainability.  
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Appendix 4A. Scores of 14 Private Land Conservation Area management actions on the first 
two principal components (bold indicates scores ≥ │0.5│). 
 
Action PC1 PC2 
veg 0.32 0.78 
water 0.51 0.81 
g_intr 0.97 0.50 
g_food 0.76 0.63 
g_boma 0.89 0.14 
g_sell 1.06 0.49 
g_hunt 0.31 1.21 
g_contr 0.82 -0.30 
p_intr 1.19 -0.56 
p_food 1.09 -0.39 
p_boma 1.21 -0.47 
p_sell 1.05 -0.51 
p_cull 0.17 1.18 
p_contr 1.02 -0.39 
 
 
 
 
 
 
 
Appendix 4B. Scores of six Private Land Conservation Area ecological characteristics on the 
first two principal components (bold indicates scores ≥ │0.5│). 
 
Characteristic PC1 PC2 
count_game 1.00 1.25 
count_mega 1.61 -0.23 
count_pred 1.55 -0.60 
Rantelop 1.12 1.17 
Rmega 1.61 -0.22 
Rpred 1.57 -0.57 
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Appendix 4C. Biplot of two principal component (PC) axes depicting correlations between 
Private Land Conservation Area (PLCA) management intensity, ecological productivity and 
economic productivity. (rev_eco: ecotourism revenue; outcome_game.pred: game and predator 
ecological productivity; manage_game.pred: game and predator management intensity; 
rev_game: game sale revenue; manage_game: game only management intensity; 
outcome_game: game ecological productivity; rev_hunt: hunting revenue). Data points 
indicate scores of 52 PLCAs. 
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Appendix 4D. Results of two Structural Equation Models, depicting coefficients and 
significance of relationships between management intensity, ecological and economic 
productivity and decision-making variables. Arrows indicate causality; double-headed arrows 
indicate estimates of error for response variables.  
 
Relationship Coefficient Coefficient SE z p 
MODEL 1:     
decision_revenue ->  manage_game.pred 0.39 0.13 2.95 0.003* 
decision_revenue -> monitor_veg 0.11 0.14 0.80 0.43 
monitor_veg -> manage_game.pred 0.13 0.13 0.96 0.34 
manage_game.pred -> outcome_game.pred 0.71 0.10 7.13 <0.001* 
manage_game.pred -> rev_eco  0.03 0.13 0.24 0.81 
manage_game.pred -> rev_game 0.04 0.15 0.27 0.79 
outcome_game.pred -> rev_eco  0.74 0.13 5.54 <0.001* 
outcome_game.pred -> rev_game 0.63 0.15 4.12 <0.001* 
manage_game.pred <--> manage_game.pred 0.83 0.17 4.95 <0.001* 
monitor_veg <--> monitor_veg 0.99 0.20 4.95 <0.001* 
outcome_game.pred <--> outcome_game.pred 0.49 0.10 4.95 <0.001* 
rev_eco <--> rev_eco 0.42 0.09 4.95 <0.001* 
rev_game <--> rev_game 0.56 0.11 4.95 <0.001* 
     
MODEL 2:     
decision_revenue ->  manage_game 0.30 0.13 2.31 0.02* 
decision_revenue -> monitor_veg 0.11 0.14 0.80 0.43 
monitor_veg -> manage_game -0.30 0.13 -2.30 0.02* 
manage_game -> outcome_game 0.82 0.08 10.17 <0.001* 
manage_game -> rev_hunt 0.39 0.17 2.28 0.02* 
outcome_game -> rev_hunt  0.38 0.17 2.21 0.03* 
manage_game <--> manage_game 0.84 0.17 4.95 <0.001* 
monitor_veg <--> monitor_veg 0.99 0.20 4.95 <0.001* 
outcome_game <--> outcome_game 0.32 0.06 4.95 <0.001* 
rev_hunt <--> rev_hunt 0.46 0.09 4.95 <0.001* 
NOTE: manage_game.pred: game and predator management intensity; manage_game: game only 
management intensity; outcome_game.pred: game and predator ecological productivity; outcome_game: 
game ecological productivity; rev_eco: ecotourism revenue; rev_game: game sale revenue; rev_hunt: 
hunting revenue; decision_revenue: frequency of management decisions informed by revenue; monitor_veg: 
frequency of vegetation monitoring; SE: standard error; *significant) 
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CHAPTER 5: PREDATORS ON PRIVATE LAND: BROAD-SCALE SOCIOECONOMIC 
INTERACTIONS INFLUENCE LARGE PREDATOR MANAGEMENT 
 
 
Abstract 
The proliferation of private land conservation areas (PLCAs) is placing increasing 
pressure on conservation authorities to effectively regulate their ecological management. Many 
PLCAs depend on tourism for income, and charismatic large mammal species are considered 
important for attracting international visitors. Broad-scale socioeconomic factors therefore 
have the potential to drive fine-scale ecological management, creating a systemic scale 
mismatch that can reduce long-term sustainability in cases where economic and conservation 
objectives are not perfectly aligned. I assessed the socioeconomic drivers and outcomes of large 
predator management on PLCAs in South Africa. Managers of PLCAs stocking free-roaming 
large predators identified revenue generation as influencing most or all of their management 
decisions and rated profit generation as a more important objective than did the managers of 
PLCAs that did not stock large predators. Ecotourism revenue increased with increasing lion 
density, creating a potential economic incentive for stocking lion at high densities. Despite this 
potential mismatch between economic and ecological objectives, lion densities were 
sustainable relative to available prey. Regional-scale policy guidelines for free-roaming lion 
management were ecologically sound. By contrast, policy guidelines underestimated the area 
required to sustain cheetah, which occurred at unsustainable densities relative to available prey. 
Evidence of predator overstocking included predator diet supplementation and frequent 
reintroduction of game. I conclude that effective facilitation of conservation on private land 
requires consideration of the strong and not necessarily beneficial multi-scale socioeconomic 
factors that influence private land management.  
 
5.1 Introduction 
Many of the challenges encountered by societies in managing natural resources arise 
because of a mismatch between the scale of management and the scale of ecological processes 
being managed (Cumming et al. 2006). For example, in the absence of regional and global 
institutions with the power to regulate fishing harvests at spatial and temporal scales 
appropriate for (often poorly understood) fish population dynamics, societies have 
overexploited fish populations (Hilborn et al. 2005). Mitigating such challenges requires an 
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understanding of the multi-scale processes that influence management and the development of 
approaches for realigning socioeconomic and ecological system elements. 
Protected areas represent a key strategy for biodiversity conservation globally, but their 
effectiveness depends on appropriate management of the ecological patterns and processes 
within their boundaries (Chape et al. 2005). Protected area management is influenced by social-
ecological elements that interact over diverse spatial and temporal scales and institutional 
levels; from patch-level ecosystem patterns and processes to national land tenure policies and 
global economies that influence tourism and other economic opportunities (Cumming et al. 
2015). Scale mismatches can hinder the conservation effectiveness of protected areas when 
differences between the scale of ecosystem processes and the scale of institutions relating to 
ecosystem management result in ecological process disruptions and/or biodiversity losses 
(Maciejewski et al. 2015). For example, size limitations of fenced protected areas impede the 
natural large-scale movements of elephant, with associated increases in elephant densities 
impacting negatively on other biodiversity within these areas (Cumming et al. 1997; Kerley & 
Landman 2006).  
 With state-owned protected areas proving to be insufficient to meet biodiversity 
conservation targets (Jenkins & Joppa 2009; Watson et al. 2014), private landowners have 
become important role players in conserving and connecting biodiversity globally (Fitzsimons 
& Wescott 2008; Gallo et al. 2009; Stolton et al. 2014). Despite their importance for 
biodiversity conservation, there are concerns that unsustainable ecological management on 
some private land conservation areas (PLCAs) will undermine their long-term conservation 
objectives. Firstly, PLCAs often comprise relatively small tracts of land (< 10,000 ha); there 
are concerns that many PLCAs in southern African and Latin America are too small to 
effectively conserve species with large spatial requirements, such as megaherbivores and large 
predators (Creel et al. 2013; Miller & Funston 2014; Pegas & Castley 2016). Secondly, the 
financial objectives of many commercial PLCAs and their reliance on revenue-generating 
activities may result in ecological management decisions that are heavily influenced by the 
expectations of paying visitors (Langholz & Lassoie 2001; Cousins et al. 2010; Miller et al. 
2013; Maciejewski & Kerley 2014a). The financial objectives of a PLCA influence the 
business model that is adopted (Chapter 3). This includes how many large mammal 
(megaherbivore and large predator) species are introduced, with PLCA revenue positively 
related to the abundance of large mammal species (Chapter 4). The perception that visitors 
demand high quality animal sightings may lead to unsustainable stocking rates of these 
charismatic species in order to improve tourist satisfaction and thereby generate revenue 
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(Lindsey et al. 2007; Kettles & Slotow 2009; Maciejewski & Kerley 2014b). Conservation 
authorities have the ability to mitigate these concerns by way of policy. For example, in order 
to introduce “dangerous game” (megaherbivores and large predators) onto a PLCA in South 
Africa, the landowner is required to obtain a Certificate of Adequate Enclosure by fulfilling 
requirements outlined in the relevant provincial (i.e. regional) policy (e.g. Department of 
Economic Development and Environmental Affairs 2008).  
The potential interactions between manager objectives, land size, policy, tourist 
demands and large mammal management are multi-scale. A manager with a given land area 
may reintroduce charismatic large mammal species (ecological elements at the PLCA scale) as 
a result of his/her financial objectives (socioeconomic elements at the PLCA scale) and the 
perceived demand from tourists (socioeconomic elements at the national and international 
scale; Fig. 1; Maciejewski et al. 2015). Stocked mammals thereafter impact on other patch- and 
PLCA-scale ecological elements, through habitat and/or prey preferences (Fig. 1), resulting in 
potentially deleterious ecological effects if these species are overstocked relative to resource 
availability (Kerley & Landman 2006; Kettles & Slotow 2009). Regional-scale policy may 
prevent PLCA-scale overstocking, provided policy requirements are ecologically meaningful, 
and enforced (Fig. 1).  
To explore the relevance of multi-scale socioeconomic factors for the management of 
PLCAs, I focused on PLCAs that stock large predators (cheetah, lion, spotted hyaena, and wild 
dog) in the Eastern and Western Cape Provinces of South Africa. Applying the concept of scale 
mismatches, I predicted that unsustainable stocking densities of large predators might arise if 
(1) policy guidelines relating to predator management are inappropriate, and/or (2) PLCA 
managers express financial objectives and ecotourism revenue is higher at higher densities of 
large predators.  
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Fig. 1. Summary of multiscale socioecological patterns and processes related to large 
charismatic mammal management on Private Land Conservation Areas (PLCAs), based on the 
protected area framework presented in (Cumming et al. 2015) and (Maciejewski et al. 2015). 
Each unit represents both a spatial scale (akin to traditional ecological spatial scales; Poiani et 
al. 2000) and an institutional level. 
 
5.2 Methods 
5.2.1 Determining predator presence and observed predator densities 
During interviews with the managers of 72 PLCAs in the Western and Eastern Cape 
Provinces of South Africa (Chapter 2), I asked managers to state which (if any) large predator 
species (cheetah, lion, spotted hyaena, wild dog) had been reintroduced onto the PLCA. 
Leopard were excluded from this list because they are not constrained by fences, have vast 
home ranges that span multiple properties, and their secretive nature means that they are rarely 
seen by tourists (Hayward et al. 2007b; Fattebert et al. 2015). Spotted hyaena and wild dog 
occurred on one and no PLCAs, respectively (see results), and were therefore excluded from 
further analyses. Managers were asked whether predators had access to the entire PLCA or 
were maintained within a subsection of the PLCA. Free-roaming lion and cheetah were defined 
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as those occurring on a minimum area of 2,000 ha or 1,000 ha, respectively (see section 5.2.5). 
Predators occurring in areas less than this are hereafter referred to as “captive” predators. The 
population size and density of each free-roaming large predator species occurring on each 
PLCA in 2013 was recorded.  If the predator(s) occurred on a subsection of a PLCA, the area 
of this section was used to determine density. These predator densities are hereafter referred to 
as “observed predator densities”.  
 
5.2.2 Assessing the influence of managers’ financial objectives on predator management 
Managers were asked to rate profit generation as an objective, on a Likert scale from 
one (not important) to five (very important). Ratings from PLCAs that stocked free-roaming 
predators (“predator-present PLCAs”) were compared to those from PLCAs that did not stock 
predators (neither free-roaming nor captive; “predator-absent PLCAs”), using a Mann-Whitney 
U test due to non-normal data. Managers of PLCAs that stocked free-roaming predators were 
further asked to state how often revenue generation informed their management decisions, and 
answers were allocated a frequency category: never, occasionally, mostly or always.  
 
5.2.3 Assessing the influence of predator management on ecotourism revenue 
Total ecotourism revenue generated during the 2013/2014 financial year was obtained 
for 11 predator-present PLCAs and 37 predator-absent PLCAs. Ecotourism revenue included 
payments for entrance, food, accommodation and activities. Activities included game- and 
nature-viewing drives and walks, game interaction opportunities, horse riding, quad biking and 
off-road driving, events and functions, and environmental programmes. Ecotourism revenue 
was recorded in South African Rands, and converted to United States Dollars using the average 
South African Reserve Bank daily exchange rate for the 2013/2014 financial year ($1 = 
R10.00). Ecotourism revenue was compared between predator-present and predator-absent 
PLCAs using a Mann-Whitney U test due to non-normal data.  
On predator-present PLCAs for which both predator density and ecotourism revenue 
were available (n = 10), I used linear regressions to assess whether (a) observed lion density 
and (b) observed cheetah density were significant predictors of ecotourism revenue (R package: 
stats; function: lm). Plots of fitted and observed values and residuals were examined for 
deviations from the assumptions of homogeneity and normality. Ecotourism revenue was 
square root transformed in order to meet these assumptions. Adjusted coefficients of 
determination were used to assess model fit.  
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5.2.4 Determining sustainable predator densities 
Ungulate count data were obtained, from 2013 or the most recent year prior to 2013, 
from predator-present PLCAs. Ungulates that are difficult to count due to their habitat 
preferences, solitary nature and/or small size (common duiker, grysbok Raphicerus melanotis, 
klipspringer Oreotragus oreotragus, steenbok), and thereby absent in many PLCAs’ count 
data, were excluded. If predators occurred on a subsection of a PLCA, ungulate count data for 
that subsection were obtained. 
The biomass (kg/km2) of the lion’s preferred prey species has been shown to be a 
significant predictor of lion density, and the biomass (kg/km2) of prey in the cheetah’s preferred 
prey weight range has been shown to be a significant predictor of cheetah density (Hayward et 
al. 2007c). These relationships can be used to determine the density of predators that a given 
prey population can sustain (Hayward et al. 2007c). This density is hereafter referred to as the 
“sustainable predator density”. I used PLCA ungulate count data to determine the biomass 
(kg/km2) of preferred prey species of lion and the biomass (kg/km2) of prey species in the 
preferred weight range of cheetah on each PLCA that stocked these predators (Hayward et al. 
2007c). Three quarters of the adult female body mass was used (to account for differences in 
mass between male, female and juvenile prey individuals; Skinner & Chimimba 2005; 
Hayward et al. 2007c). Ungulate count data were not corrected for visibility, as predator prey 
preferences and density equations were developed using uncorrected data (Hayward et al. 
2007c) and correcting data would result in overestimations of sustainable predator densities. 
None of the ungulate species that were excluded from count data fall within the preference 
categories of either predator (Hayward et al. 2007c).  
 
5.2.5 Comparing sustainable predator densities with policy guidelines  
In the Eastern Cape Province, the Certificate of Adequate Enclosure and Dangerous 
Game Fencing Specifications Policy (Department of Economic Development and 
Environmental Affairs 2008) states that, together with compiling a management plan and 
meeting fencing specifications, “the recommended minimum area to introduce dangerous game 
is 2000 ha depending on topography, habitat, prey availability and carrying capacity. 
(Hippopotamus and cheetah are excluded from the minimum of 2000 ha and require 1000 ha 
depending on habitat and topography)”. The Policy on Fencing and Enclosure of Game, 
Predators and Dangerous Animals in the Western Cape Province (Cape Nature Biodiversity 
Support Services 2014) provides no guidelines for minimum area requirements of “free-
roaming” predators, but states that the required management plan should include “the 
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maximum capacity per species provided for at the facility”. For PLCAs that stocked lion, I 
used the sustainable lion densities estimated above to determine the number of lion that could 
be sustainably supported on the specified minimum required area of 2,000 ha. Similarly, the 
number of cheetah that could be sustainably supported on the specified minimum required area 
of 1,000 ha was determined for each PLCA that stocked cheetah.  
 
5.2.6 Assessing the sustainability of predator management  
I assessed whether PLCAs were over- or under-stocking their PLCAs relative to 
sustainable predator densities. For each predator-present PLCA, I compared the observed 
density of each predator species with the sustainable density, using a paired sample t-test where 
data met the assumption of normality, and a paired Wilcoxon signed-rank test where data did 
not. Stocking densities at individual PLCAs were considered unsustainable if they exceeded 
sustainable density estimates by more than 5%. Managers were asked whether they made use 
of predator contraception, sold/relocated predators and/or supplemented predator diet on a 
regular basis, as well as whether they introduced additional game at least once every five years. 
I determined the proportion of managers undertaking these actions on PLCAs where all 
predator species were sustainably stocked, and those where at least one species was 
unsustainably stocked. Statistical analyses were performed in the statistical programme R (R 
Development Core Team 2016) at a significance level of α = 0.05. 
 
5.3 Results 
Of the 72 PLCAs sampled, 22 stocked at least one large predator species (Fig. 2). On 
average, these 22 PLCAs stocked two (1.8±0.1) large predator species, with a maximum of 
three species. Ten PLCAs supported all predators in “captivity” (i.e. within an area < 2,000 ha 
or < 1,000 ha for cheetah), and twelve PLCAs supported “free-roaming” predators (i.e. within 
an area > 2,000 ha or > 1,000 ha for cheetah). Free-roaming predators occurred on land areas 
ranging from 2,300 ha to 54,400 ha (mean = 14,600±4,000 ha). 
Free-roaming cheetah and lion co-occurred on five PLCAs (Appendix 5A). Cheetah 
occurred as the sole predator on four PLCAs (Appendix 5A). Lion co-occurred with spotted 
hyaena on one PLCA and as the sole predator on two PLCAs (Appendix 5A). Average 
population sizes were 5±1 cheetah and 8±2 lion, average densities were 0.05±0.02 cheetah/km2 
and 0.05±0.01 lion/km2 (Appendix 5A). Wild dog were not present on any PLCAs. 
79 
 
 
Fig. 2. Map of the Western and Eastern Cape Provinces of South Africa displaying the 22 
surveyed Private Land Conservation Areas that stocked large predators, with 12 supporting 
free-roaming (“free”) large predators, and 10 supporting captive large predators. 
 
The managers of all predator-present PLCAs rated profit generation to be an important 
(Likert rating > 3) objective, with 75% rating it as very important (Likert rating = 5). Profit 
generation was rated as a significantly more important objective by the managers of predator-
present PLCAs, compared with predator-absent PLCAs (meanpresent = 4.8±0.1, meanabsent = 
3.7±0.2; W = 397.5, p = 0.02). PLCA revenue generation was used to inform all management 
decisions on 33% of predator-present PLCAs, and was used to inform most management 
decisions on a further 50% of these PLCAs.  
Predator-present PLCAs generated greater ecotourism revenues (mean = 
$2,224,495±655,650) than did predator-absent PLCAs (mean = $170,500±85,678; W = 355, p 
< 0.001). On predator-present PLCAs, lion density explained 49.3% of the variation in 
ecotourism revenue (F = 9.77, n = 10, p = 0.01), with ecotourism revenue (square root 
transformed) increasing with increasing lion density (β = 12954±4145, t = 3.39, p = 0.01; Fig. 
3a). Cheetah density was not a significant predictor of ecotourism revenue (F = 1.09, n = 10, p 
= 0.33; Fig. 3b). 
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Fig. 3. The relationship between ecotourism revenue and (a) lion density, and (b) cheetah 
density on 10 Private Land Conservation Areas that stocked free-roaming large predators 
(five sites stocked both cheetah and lion, three sites supported cheetah only, and two sites 
supported lion only). 
 
No PLCA that stocked free-roaming cheetah supported a sufficient biomass of preferred 
prey to sustain a single cheetah in the minimum area required by policy for the reintroduction 
of this species (i.e. 1,000 ha; Fig. 4). The majority of PLCAs that stocked free-roaming lion (7 
out of 8) had sufficient preferred prey biomasses to sustain at least one lion in the minimum 
area required by policy (i.e. 2,000 ha), and were capable of supporting 1.7±0.2 lion per 2,000 
ha on average (Fig. 4).  
On PLCAs that stocked free-roaming cheetah, observed cheetah stocking rates were 
significantly above the sustainability threshold (W = 3, n = 8, p = 0.04; Fig. 5), with just two 
out of eight of these PLCAs supporting a sustainable density of cheetah. On PLCAs that 
stocked free-roaming lion, observed lion stocking rates were significantly below the 
sustainability threshold (t = 3.52, d.f. = 7, p = 0.01; Fig. 5), with all PLCAs supporting a 
sustainable density of lion. Predator contraception took place on 80% and 83% of sustainably 
and unsustainably stocked PLCAs, respectively. Predator sales/relocations took place on all 
predator-present PLCAs. Predator diet was not supplemented on any PLCAs supporting 
sustainable predator densities, while predator diet was supplemented on 67% of PLCAs 
supporting unsustainable predator densities. Similarly, game were introduced at least once 
every five years on just 20%, compared with 83%, of PLCAs supporting sustainable versus 
unstainable predator densities, respectively.  
81 
 
          
Fig. 4. Summary statistics across Private Land Conservation Areas that stocked free-roaming 
cheetah and lion, of the number of predators that can be sustainably supported in the minimum 
area required by policy (cheetah: 1,000 ha; lion: 2,000 ha). Lines, boxes, error bars, and circles 
show medians, interquartile ranges, minima, and maxima (excluding outliers), and outliers (that 
deviate from the median by > 1 x the interquartile range), respectively. Sustainable numbers 
were determined using available biomass (kg/km2) of preferred prey. The red dashed line 
indicates the threshold above which more than one individual can be sustained in the minimum 
required area. 
      
Fig. 5. Summary statistics across Private Land Conservation Areas (PLCAs) that stocked free-
roaming cheetah and lion, of the difference between the observed predator density on a PLCA 
and the density of predators that can be sustainably supported on that PLCA. Lines, boxes, 
error bars, and circles show medians, interquartile ranges, minima, and maxima (excluding 
outliers), and outliers (that deviate from the median by > 1 x the interquartile range), 
respectively. The dashed red line indicates the threshold above which observed predator density 
is unsustainable. 
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5.4 Discussion 
With greater ecotourism revenues generated on PLCAs where free-roaming large 
predators are present, there are clear financial incentives to stocking large predators. The 
managers of land supporting free-roaming large predators stated that revenue influenced most 
or all of their management decisions and rated profit generation to be a more important 
objective than the managers of land that did not support large predators. Financial incentives 
extend beyond the stocking of large predators to the population management of specific 
species. There are incentives to stock lion at high densities, with a positive relationship evident 
between lion density and revenue generated from ecotourism. In contrast, cheetah density had 
no effect on ecotourism revenue. These differences are supported by previous research on 
tourist preferences; lion rank as a more desirable species to see than cheetah (Di Minin et al. 
2013; Maciejewski & Kerley 2014a). Lion are a member of the “Big Five”, a term coined by 
hunters as the five most difficult animals to hunt on foot, but latterly an important catch-phrase 
adopted by the safari industry to market Africa’s “most charismatic” species (Di Minin et al. 
2013). I have not assessed the mechanism behind this observed relationship between lion 
density and revenue, and it is therefore important to note that (a) lion density may correspond 
with other important visitor pull factors, and (b) with a greater sample size I may be able to 
detect a threshold above-which increased lion density no longer improves visitor sighting 
success rates and thereby revenues, as seen with elephants (Maciejewski & Kerley 2014b). 
A potential mismatch exists between financially-desirable and ecologically-sustainable 
lion densities, yet in actuality this mismatch did not appear to drive predator management, 
contrary to my prediction. Despite the financial incentives to stock lion at high densities, 
observed lion densities were sustainable in relation to available prey biomass. Due to their high 
reproductive potential, lion and cheetah numbers can increase rapidly when introduced onto 
small, fenced reserves with abundant and naïve prey, necessitating intensive management, such 
as relocation, contraception and/or culling (Hunter 1998; Tambling & du Toit 2005; Miller & 
Funston 2014). Frequent contraception and relocation actions were reported as predator 
management tools by PLCA managers. While these actions appeared effective in maintaining 
lion at sustainable densities, they were ineffective for cheetah population management. Cheetah 
occurred above densities that could be sustained on the biomass of preferred prey available on 
the majority of PLCAs.  
Effective management of free-roaming large predators requires knowledge of what 
predator densities are sustainable. The minimum area policy guideline for lion, of 2,000 ha, is 
helpful in this regard. Sufficient prey biomasses were available to sustain at least one lion per 
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2,000 ha on the majority of PLCAs, supporting previous minimum area requirement estimates 
for lion (Creel & Creel 1997; Power 2003). With ecologically sound policy guidelines for lion 
area requirements corresponding with sustainable lion densities, it appears that policy can be a 
useful tool in promoting sustainable predator management. In contrast, not a single PLCA 
supported sufficient prey to sustain a single cheetah per 1,000 ha, thus questioning the 
soundness of this policy guideline (Department of Economic Development and Environmental 
Affairs 2008). Inappropriate regional guidelines corresponded with evidence of unsustainable 
cheetah management, as predicted. My findings suggest that a minimum area of 5,600 ha per 
cheetah (on average) is advisable, similar to that recommended in a country-wide study of 
cheetah area requirements in the presence of other large predators (Lindsey et al. 2011). Policy 
recommendations for cheetah minimum area requirements should therefore be revised in light 
of recent research findings (Lindsey et al. 2011).  
While ecologically-sound minimum area guidelines can assist in the maintenance of 
sustainable large predator stocking densities, the effectiveness of these recommendations 
would likely be enhanced by a focus on prey requirements as opposed to area requirements, as 
well as consideration of the territorial habits and social structure of the species in question (see 
for example the South African National Norms and Standards for Elephant Management; 
Department of Environmental Affairs and Tourism (2008), which specify elephant social 
groups for reintroduction). The effectiveness of ecologically-sound management guidelines 
ultimately depends on the conservation authority’s capacity to implement them. While the 
observed sustainability of lion densities suggests that the implementation of minimum area 
guidelines is currently effective, wildlife management policies receive substantial resistance 
from private landowners who perceive wildlife management restrictions to impair their ability 
to generate revenue (Cousins et al. 2010).  
The overstocking of large predators can have substantial ramifications for ecosystem 
functioning. In fenced PLCAs, such as those in this study, ungulates are unable to escape 
predation and the consequence of predator population growth can be ungulate population 
declines and even collapses (Hunter 1998; Power 2003). PLCA managers can attempt to 
mitigate these impacts by frequently introducing additional prey, or by supplementing their 
predators’ diets with meat acquired elsewhere (Lindsey et al. 2011; Miller et al. 2013). Both of 
these actions were more prevalent on PLCAs supporting unsustainable, as opposed to 
sustainable, predator populations. Elevated predator densities may, however, still have a 
significant negative impact on certain prey species, particularly smaller preferred prey species 
that are impractical to reintroduce and monitor, and secondary prey species that are usually 
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protected from predation through their scarcity relative to predator densities (Hayward 2011). 
For example, management actions in the Kruger National Park that increased habitat 
congruence between roan antelope Hippotragus equinus and lion caused the roan population 
to collapse as a result of increased predation (Harrington et al. 1999). In addition to directly 
influencing prey population dynamics, high predator densities can indirectly influence 
vegetation biomass and composition through the landscape of fear effect, altering prey habitat 
preferences and thereby the impact of herbivory in high risk habitats (Laundre et al. 2010; 
Tambling et al. 2012). 
The predator-prey abundance models used to determine sustainable predator densities 
were developed in ecosystems that generally supported an intact large predator guild (Hayward 
et al. 2007c). In the absence of inter-guild competition for food, the application of these models 
to single-predator systems may result in an underestimation of sustainable predator densities. 
While I cannot exclude this potential bias, given that no alternative models exist, I show that 
management actions indicative of predator overstocking (feeding of predators and restocking 
of prey) are well aligned with my predictions of which predator populations are overstocked, 
suggesting my predictions are ecologically sound.  It would be useful to further verify these 
predictions through evidence of declines in prey populations; such data were unfortunately 
unavailable for the study sites. 
 
5.5 Conclusion 
Global ecosystem changes are associated with substantial declines in apex predator 
numbers (Estes et al. 2011), making effective large predator conservation efforts imperative. 
Debate about the conservation value of small, fenced, privately-owned and intensively 
managed areas for large predator conservation continues (Creel et al. 2013; Packer et al. 2013). 
For conservation authorities to develop effective solutions that facilitate sustainable predator 
management on private land, they must consider the strong and not necessarily beneficial 
multi-scale socioeconomic factors, such as international tourist preferences and regional policy 
recommendations, which influence private land management. 
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Appendix 5A. The density of free-roaming large predators on 12 Private Land Conservation 
Areas (PLCAs) in the Western and Eastern Cape Provinces of South Africa.   
 
 Predator density (#/km
2) 
PLCA Cheetah Lion Spotted hyaena 
1  ($) 0.02 0.06 0 
2  ($) 0.01 0.10 0 
3  ($) 0.02 0.01 0 
4  ($) 0.03 0.03 0 
5  ($) 0.04 0.08 0 
6  ($) 0.17 0 0 
7  ($) 0.05 0 0 
8  ($) 0.07 0 0 
9  ($) 0 0.08 0.05 
 10 ($) 0 0.02 0 
  11 0 0.01 0 
  12 present 0 0 
NOTE: Bold values indicate densities that were found to be unsustainable 
(no sustainability estimate was available for spotted hyaena); “present” - 
predator was present but no count data were available; ($) - sites for which 
ecotourism revenue was available. 
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CHAPTER 6: TRAPS AND TRANSITIONS IN PRIVATE LAND CONSERVATION 
 
 
Abstract 
 There is increasing interest in the long-term effectiveness of conservation 
organizations. Their ability to adapt to change has been suggested as a key determinant of their 
effectiveness. Self-funded private land conservation areas (PLCAs), for example, may be 
vulnerable to a volatile tourism market. Over a third of financially-motivated PLCAs surveyed 
in South Africa were unprofitable, which raises questions about their ability to effectively adapt 
their budget ecotourism, hunting or “big game” ecotourism business models. Options for 
adaptation can be constrained by an organization’s initial conditions, a concept known as path 
dependence. I tested three hypothesized drivers of path dependence in PLCA business models: 
(1) size of land assets (game abundance is constrained by available land area); (2) extent of 
infrastructural assets (the introduction of “big” dangerous game requires substantial 
infrastructural investments); and (3) productivity (rainfall limits vegetation and thereby game 
abundance). I developed and ground-truthed a mechanistic PLCA model using simple rules for 
the abundance of game that can be sustained on a given land area and rainfall regime, 
infrastructure that can be developed with available capital, and resultant ecotourism/hunting 
revenue. Despite attempts by modelled managers to adapt to a more profitable business model, 
adopted business models after 13 years were differentiated by the initial size and extent of land 
and infrastructural assets, supporting hypotheses (1) and (2). Over a 50 year period, fewer 
managers that incorporated natural ecological variability into their management approach 
overcame path dependence due to higher inter-annual income variability, compared with those 
who maintained constant hunting rates and predator numbers. An organization’s initial 
conditions can cause it to become locked into a financially unviable business model, affecting 
its long-term sustainability. While resilience thinking calls for management that allows for 
natural ecological variability, the associated increase in income variability can perpetuate 
financially unviable business models.  
 
6.1 Introduction 
There is increasing interest in the likely long-term effectiveness of conservation 
organizations. While their ability to adapt to change has been suggested as a key determinant 
of their effectiveness (Kenward et al. 2011), factors influencing their adaptive capacity have 
only recently attracted attention (Baral 2013; Larson et al. 2014; Armsworth et al. 2015). A 
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system’s adaptive capacity can be impeded if its developmental options are constrained by its 
initial conditions, a concept known as path dependence (Arthur 1994; Levin 1998; Carpenter 
& Brock 2008). In farming systems, for example, farmers can become trapped in financially 
unproductive agricultural practices, unable to accumulate the capital necessary to transition to 
a more viable alternative (Coomes et al. 2011). Potential mechanisms driving this 
organizational path dependence include the “asset hypothesis” and the “productivity 
hypothesis”, where respective constraints in land holdings and equipment, and slow-growing 
woody vegetation, limit farmers to agricultural practices that perpetuate their financial 
vulnerability (Dercon 1998; Carter & Barrett 2006; Coomes et al. 2011; Naughton-Treves et 
al. 2011).  
Path dependence may decay over time in some systems (Berkes 2007; Cumming et al. 
2015), for example if a farmer gradually accumulates the capital necessary to purchase more 
land and thereby overcome the limitations to his agricultural options. Capital accumulation 
may be influenced by the adopted management strategy. “Command-and-control” refers to 
management that reduces natural ecological variability in a system in an attempt to increase its 
productivity and predictability (Holling & Meffe 1996). For example, farmers control fire 
regimes to maximize vegetation productivity (Anderies et al. 2002). In contrast, management 
that allows for natural variation (in fire frequencies and intensities, for example) may generate 
a more variable annual income. Systems with high income variability may be less likely to 
accumulate the capital necessary to overcome constraints on adaptation, given that the cost of 
servicing debt arising from negative income years (i.e. prime lending rate) is usually higher 
than the interest earned on an equivalent income in positive income years (i.e. short-term bond 
yield; see OECD 2016). The rate of path dependence decay experienced by an organization 
may therefore be influenced by the capital-accumulation potential of the adopted management 
strategy; I refer to this as the “management hypothesis”.  
Hypotheses regarding the emergence and decay of organizational path dependence can 
be used to assess potential drivers behind observed constraints on adaptation in the private land 
conservation sector. The management of private land for conservation is becoming increasingly 
recognized for its importance in global biodiversity conservation efforts (Fitzsimons & Wescott 
2008; Gallo et al. 2009; Stolton et al. 2014). A third of financially-motivated private land 
conservation area (PLCA) managers surveyed in South Africa had adopted business models 
that were unprofitable (Chapter 3). It has been suggested that their ability to adapt to their 
economic environment is impeded by infrastructural and biophysical constraints that 
differentiate business models (Chapter 3; Hannan & Freeman 1984). While PLCAs supporting 
88 
 
predators and megaherbivores have the greatest income-generating potential, they require a 
game population large enough to sustain predators, which in turn depends on a sufficiently 
large and productive land area (Chapters 3 and 5). They further require a high investment in 
infrastructure in order to contain these dangerous animals, such as electrified fences around the 
property perimeter and accommodation areas (Department of Economic Development and 
Environmental Affairs 2008; Cape Nature Biodiversity Support Services 2014). Infrastructural 
and biophysical conditions, therefore, constrain a managers business model options. If the 
income-generating capacity of an adopted business model is low, then the PLCA may be unable 
to accumulate the capital necessary to overcome constraints and transition to a more profitable 
business model. Three alternative initial constraints may drive the documented “mismatch” 
between the proportion of PLCA managers that state profit to be an important objective and 
those that have adopted a profitable business model (Chapter 3). (1) The initial size of a PLCA 
limits the number of game and thereby predators that can be sustained (land assets hypothesis); 
(2) the initial investment in infrastructure limits the ability to introduce dangerous game 
(infrastructural assets hypothesis); and (3) the rainfall received by a PLCA limits the number 
of game and thereby predators that can be sustained (productivity hypothesis). 
If path dependence arising from initial constraints determines a PLCA’s business model 
and thereby financial viability, the rate of decay in this path dependence will affect the ability 
of a self-funded PLCA to persist long-term. Wildlife is managed for optimal and stable 
financial returns on many PLCAs (Chapter 4). When managers focus on optimizing and 
stabilizing large mammal (game and sometimes predator) population numbers and the income 
derived from them (i.e. “command-and-control” management), slower-changing ecological 
variables such as vegetation composition can be overlooked, leading to large mammal 
overstocking and habitat degradation/ prey population declines (Chapters 4 and 5). In contrast, 
PLCAs that adopt an “ecological management” strategy, allowing large mammal numbers to 
fluctuate through natural climatic cycles, may generate a more variable annual income, while 
being more ecologically sustainable over longer time periods (Holling & Meffe 1996; 
Carpenter et al. 2015). I therefore apply the management hypothesis to predict that the rate of 
change in the proportion of PLCAs that transition to a more profitable business model over 
time will be greater on PLCAs undertaking command-and-control management than ecological 
management.  
In order to test my hypotheses regarding path dependence and its rate of decay in private 
land conservation, I developed and ground-truthed a mechanistic PLCA model, which I ran 
from 2001 (the average startup year of PLCAs in the study sample) to 2013 under different 
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initial infrastructural and biophysical conditions and management strategies, allowing PLCA 
managers to adapt their business model every five years, dependent on accumulated capital and 
biophysical conditions. I assessed (a) whether differences existed between management 
strategies in inter-annual income variability and capital accumulation; (b) whether the final 
business models adopted by PLCAs were influenced by their initial size, infrastructural 
conditions and productivity (represented by rainfall), as evidence of path dependence; and (c), 
in order to compare the rate of decay in path dependence between management strategies, I 
extrapolated the model beyond the 2013 validation year and assessed the rate of change in the 
proportion of modelled managers adopting the most profitable business model between 2001 
and 2050.  
 
6.2 Methods 
6.2.1 Study region description and data collection  
 I obtained data for the year 2013 from 52 commercial PLCAs in the Eastern and 
Western Cape Provinces of South Africa that rated profit generation as an important objective 
(Chapter 2). For each PLCA, data included (1) age and land area; (2) capital invested in land, 
infrastructure and game, and return on this investment; revenue generated from ecotourism, 
game sales and hunting; fixed and variable running costs, and proportion of income that is 
reinvested; (3) accommodation types, prices, number of beds and occupancy rates (explained 
in more detail in Chapter 3); (4) average annual rainfall; (5) game and predator stocking rates; 
and (6) whether ecological monitoring was undertaken (see methods described in Chapters 4 
and 5).  
 
6.2.2 Model development 
Parameters: I developed and parameterized a mechanistic PLCA model (Fig. 1) using 
the following parameters: rainfall-vegetation-herbivore-predator relationships and parameters 
derived from the literature, national financial interest rates, regional game auction and hunting 
prices, and an understanding of capital and infrastructural constraints and pricing strategies 
obtained from PLCA managers. The details, values and sources of all parameters mentioned in 
the following model description are outlined in Table 1.  
Starting capital and land area: I used 2001 as the model startup year because it was the 
average among study sites. Total capital investment at study sites in 2013 was normally 
distributed. Initial capital investment for simulated PLCAs in 2001 was selected randomly from 
this normal distribution, controlling for inflation and income reinvestment between 2001 and 
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2013. The modelled PLCA manager randomly chose what proportion of initial capital to spend 
on land, infrastructure and game. In the model managers purchased as much land as they could 
afford (Appendix 6A Q1; with the price of land (per square kilometre) following a power 
relationship with average annual rainfall). 
Infrastructure sub-system: Accommodation types at study sites could be broadly 
assigned to three groups: lodges were expensive to build and to stay in; chalets were 
intermediately-priced; and campsites were cheap. As PLCAs with more expensive 
accommodation generated higher incomes (Chapter 3), given the capital available for 
infrastructure and the development cost per bed, the modelled PLCA manager built the most 
expensive accommodation and greatest number of beds that they could afford (Appendix 6A 
Q2-3). 
 
                 
Fig. 1. A hypothetical Private Land Conservation Area (PLCA), depicting relationships 
between available capital, the ecological system, infrastructure and capacity to generate an 
income. Black arrows indicate linkages between system elements, with arrow directions 
indicating causality. Grey arrows represent system feedbacks: hunting and predators influence 
game populations, income influences future PLCA development. Orange circles indicate 
management choices: what proportion of capital to spend on land, game and infrastructure, and 
how to manage game and predator populations. (# - number; accom – accommodation). 
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Table 1. Descriptions, values and sources of parameters used in the Private Land Conservation 
Area (PLCA) model.  
 
Para-
meter 
Value Details (Source) 
Biophysical 
t (and td) 2001 Year; average start-up year across study sites (Study site data). 
r  Five annual rainfall 
patterns from 2001 to 2013 
Rainfall [mm/year] (South African Weather Service data for the minimum, maximum, 
and 25%, 50% and 75% quartiles of observed average rainfall across study sites).  
gm  102 Game size [kg]; average mass of stocked game (Skinner & Chimimba 2005). 
gr  1.5 ∗  𝑔𝑚−0.36 Intrinsic growth rate of game population (Caughley & Krebs 1983). 
ge  0.67 Proportion of game mass edible to a predator (Bissett & Bernard 2007). 
pq 
 
1442 Biomass requirements per predator [kg/year]; average between lion and cheetah (Owen-
Smith & Mills 2008). 
pr 0.56 Intrinsic growth rate of predator population (Fay & Greef 2006). 
v 0.02 * 0.02 ∗  𝑟1.69 Available herbivore metabolic biomass [kg/km2] (Coe et al. 1976; Cumming & 
Cumming 2003). 
b 𝑔𝑚0.75 Metabolic biomass requirements per herbivore [kg/km2] (Coe et al. 1976; Cumming & 
Cumming 2003). 
Economic 
i 0.054 Average South African annual consumer price index (2001 to 2013; OECD 2016). 
pv 𝑝𝑣 = (1 + 𝑖)(𝑡−2013) Controls financial variables for annual inflation (Ross et al. 2008). 
si 0.08 Average South African short-term interest rate (2001 to 2013; OECD 2016). 
sl 0.117 Average South African prime lending rate (2001 – 2013; South African Reserve Bank). 
sc  Random number from 
normal distribution (𝑠?̅? = 
390; sd = 411) * pv 
Starting capital [R100,000]. Return on investment (ROI) controlled for by subtracting 
the average ROI at study sites in 2013 (3.5%) for each year that the modelled PLCA 
was operational (Study site data). 
pl 0.3 <  pl < 0.8 Proportion of starting capital spent on land (Randomly generated). 
pi 0.1 <  pi < 1- pl Proportion of starting capital spent on infrastructure (Randomly generated). 
pg 1- pl – pi Proportion of starting capital spent on game (Randomly generated). 
cl  79,452 ∗ 𝑝𝑣 ∗ 𝑒0.0041∗ ?̅?  Cost of purchasing land [R/km2] (Study site data). 
ca  Lodge (l) = 5 * pv 
Chalet (ch) = 2.5 * pv 
Camping (c) = 0.5 * pv  
Cost of building accommodation [R100,000/bed]. Campsites assumed to accommodate 
120 people (Estimated from discussion with several study site managers). 
cg  10,639 * pv Cost of purchasing game [R/animal]; average South African auction price of stocked 
game (North West University unpubl. data). 
ep  lodge: 900 * pv; chalet: 
300 * pv, camping: 100 * 
pv 
Ecotourist accommodation price if predators are absent [R/bed/night]. (Camping price - 
average camping price at study sites; chalet and lodge prices - respective 25% and 75% 
quartile prices at study sites excl. camping).  
hp  lodge: 3,393 * pv; chalet: 
2,785 * pv 
Hunter accommodation price [R/bed/night] (25% and 75% quartile study site values). 
αp & γp 2,000 & 0.2, respectively At sites supporting large predators there is a power relationship (y = αp*xγp) between 
the number of predators x and the price charged per visitor y (Study site data). 
mfe, mfq, 
mje, mjq, 
cfe, cfq, 
cje, cjq 
1.19, 0.85, 1.11, 1.10, 2.5, 
0.33, 1.53, 1.44, 
respectively 
Slope m and y-intercept c coefficients derived from relationships between invested 
capital and fixed running costs f, and revenue and variable running costs j under 
ecological e and command-and-control  q management (Study site data). 
tr 21,305 * pv Price of hunting game [R/animal]; average hunting prices of stocked game (Hunting 
outfitter websites in the Western and Eastern Cape Provinces, South Africa). 
o 0.3 Annual ecotourist accommodation occupancy rate in 2013 (Study site data). 
𝑣𝑖𝑡 12 annual figures from 
2001 to 2013 
Visitor numbers to Addo Elephant National Park in the Eastern Cape Province of South 
Africa in year t. 
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Biophysical sub-system: Five rainfall patterns were modelled. The herbivore metabolic 
biomass that a given land area in southern Africa can sustain (“carrying capacity”) can be 
determined from annual rainfall (Coe et al. 1976; Cumming & Cumming 2003). Modelled 
PLCA managers introduced the maximum number of large herbivores (“game”) that they could 
both afford and sustain (Appendix 6A Q4-6). I calculated the number of game that could be 
sustainably removed each year (“game offtake”) using the logistic equation (Caughley 1977; 
Starfield & Bleloch 1986). Initial predator carrying capacity was determined from game 
offtake. Modelled managers introduced predators at carrying capacity, provided that the correct 
infrastructure was in place (assuming only the most expensive accommodation provided the 
necessary infrastructure for introducing dangerous game, as observed at study sites; Appendix 
6A Q7). The number of game that could be sustainably hunted/culled was modelled as the 
game offtake left after predators (if present) had consumed their annual requirement (Appendix 
6A Q8). Hunters in the model did not camp, they required accommodation in either a lodge or 
a chalet, and below a game abundance of 90 commercial hunting was not viable and offtake 
was culled, as observed at study sites.  
Economic sub-system: 2001 visitor prices were determined from 2013 prices at study 
sites, corrected for inflation. At sites supporting predators, there was a positive power 
relationship between the number of predators and the price charged per visitor (Appendix 6A 
Q9). At predator-absent PLCAs, hunters were charged a higher price than ecotourists 
(Appendix 6A Q9). Hunters and ecotourists did not reside on a PLCA concurrently (as seen at 
67% of study sites). Visitor rates to Addo Elephant National Park in the Eastern Cape Province 
between 2001 and 2013 provided a proxy for annual variability in ecotourism occupancy rates 
(South African National Parks, unpubl. data; Maciejewski & Kerley 2014b). Ecotourism 
revenue was a function of the price charged per visitor per day, the number of beds available, 
and the occupancy rate (Appendix 6A Q10). Hunting revenue was a function of the number of 
game hunted, and the price per hunted animal (Appendix 6A Q10). Fixed running costs were 
positively related to total capital investment (e.g. money spent on salaries was proportional to 
lodge size and land area). Variable running costs were positively related to revenue (e.g. food 
and fuel costs varied with visitor numbers). These relationships were modelled separately for 
PLCAs that (a) undertook ecological management and (b) undertook command-and-control 
management (Appendix 6A Q10). Income (revenue minus running costs) could be positive or 
negative (Appendix 6A Q10).  
Annual model feedback and options for business model adaptation: Each iteration of 
the model represented one year (Appendix 6A Q11). Accumulated capital at the start of each 
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year included capital available the previous year, minus capital spent in the previous year on 
PLCA development, plus income from the previous year (Appendix 6A Q12). Positive capital 
grew at the average annual short-term interest rate of 8.0%, while negative capital (i.e. debt) 
grew at the average annual prime lending rate of 11.7%. Modelled PLCA managers assessed 
development options every five years (guided by study site development timelines). If 
managers had accumulated capital, then they spent 70% on development (the average across 
study sites), and they chose randomly to (1) purchase as much additional land as they could 
afford, (2) upgrade and/or expand their accommodation, or (3) purchase as much game as they 
could afford and the PLCA could sustain (Table 2; Appendix 6A Q13). Game and predator 
numbers were modelled annually relative to rainfall, population growth and the adopted 
management strategy (Table 2; Appendix 6A Q14-16). Annual accommodation and hunting 
prices and development costs were corrected for inflation; occupancy rates varied relative to 
visitor rates to Addo Elephant National Park; ecotourism and hunting revenues, running costs 
and income were calculated for each model iteration (Appendix 6A Q17-18). Model 
simulations were run in Microsoft Excel (2010). 
 
6.2.3 Model ground truthing 
 I ran the model 200 times (100 random initial conditions under each management 
strategy) from 2001 to 2013, and recorded ten model-generated PLCA characteristics for the 
year 2013: invested capital (value of land, game and infrastructure), size, average annual 
rainfall, game and predator density, daily visitor price, bed number, revenue, running costs, 
and income. I converted South African Rands to United States Dollars using the average 
2013/2014 South African Reserve Bank daily exchange rate ($1 = R10.00). To assess the 
degree to which the ecological and development dynamics simulated by the model over the 13 
year period resulted in emergent patterns that corresponded with those observed in reality, I 
compared the ten simulated PLCA characteristics in model year 2013 with the actual 
characteristics recorded for 52 study sites in 2013 (see section 6.2.1), using Mann-Whitney U 
tests due to non-normal data.  
 
6.2.4 Assessing path dependence 
I categorized the 200 PLCA simulations in 2001 and 2013 into three “initial” and 
“final” business models, respectively: (1) big game PLCAs where predators were present; (2) 
hunting PLCAs where predators were absent and revenue was generated from hunting; and (3) 
budget PLCAs where no predators were present and no revenue was generated from hunting 
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(see Chapter 3). I assessed whether the final business models adopted by PLCAs in 2013 
differed in their initial (year 2001) rainfall, land area and investment in infrastructure, using 
Kruskal-Wallis H tests followed by Mann-Whitney U tests, due to non-normal data. I further 
compared income and return on investment (ROI; income divided by total capital investment) 
in year 2013 between final business models.  
 
Table 2. Large mammal management decisions made by modelled Private Land Conservation 
Area (PLCA) managers adopting ecological and command-and-control management strategies. 
 
 Management strategy 
Management 
decision 
Ecological Command-and-control 
Number of game that 
can be introduced in a 
development year 
Rainfall and vegetation are monitored 
annually and, provided sufficient capital 
is available, the game population is 
augmented up to the current game 
carrying capacity (Appendix 6A Q13). 
Rainfall and vegetation are not 
monitored and, provided sufficient 
capital is available, the game population 
is augmented up to the initially-
determined game carrying capacity, 
adjusted relative to any subsequent 
increases in PLCA size (Appendix 6A 
Q13). 
Number of predators 
that can be introduced 
in a development year, 
provided that suitable 
infrastructure is in 
place 
If no predators are present, predators are 
introduced at the current predator 
carrying capacity (Appendix 6A Q15). 
If no predators are present, predators are 
introduced at the initially-determined 
predator carrying capacity, adjusted 
relative to any subsequent increases in 
PLCA size (Appendix 6A Q15). 
Annual predator 
population 
management 
The predator population grows or 
declines annually relative to game 
abundance (Appendix 6A Q15).  
Predators are maintained at a constant 
number through introductions, sales 
and/or contraception (Appendix 6A 
Q15). 
Annual game offtake If the game population, subsequent to 
growth and predator kills, is above 
current carrying capacity, then these 
excess game are removed in addition to 
the offtake left after predator kills. If the 
game population, subsequent to growth 
and predator kills, is below 50% of 
carrying capacity, then no game are 
removed to allow for population growth 
(Appendix 6A Q16).  
The same proportion of the game 
population that was removed in the first 
year is removed in each subsequent year 
(Appendix 6A Q16). 
 
I performed F-tests to compare inter-annual variability in average annual income 
between management strategies (i.e. average income in year t divided by average income in 
year t – 1) and Mann-Whitney U tests to compare accumulated capital between management 
strategies, categorizing PLCAs using initial business models. Accumulated capital was 
determined as the difference in invested capital between 2013 and 2001. For each management 
strategy and initial business model, I plotted the average annual simulated values of rainfall, 
size, investment in infrastructure, game number, hunted game number and predator number. 
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Finally, in order to assess path dependence decay, I ran the PLCA simulations from 2001 until 
2050. Rainfall and occupancy rates from 2014 to 2050 were extrapolated using trends and 
variability observed in actual data between 2001 and 2013 (Table 1). A linear regression was 
fitted to the relationship between year and proportion of PLCAs adopting a big game business 
model (R package: stats; function: lm), for each management strategy. Plots of fitted and 
observed values and residuals were examined for deviations from the assumptions of 
homogeneity and normality. Adjusted coefficients of determination were used to assess model 
fit. Regression slopes were compared using a t-test.  
I compared ROI in 2050 between the three business models using a Kruskal-Wallis H 
test followed by Mann-Whitney U tests, due to non-normal data. Statistical analyses were 
performed in the statistical programme R (R Development Core Team 2016) at a significance 
level of α = 0.05. Sequential Bonferroni corrections were used to correct for multiple 
comparisons (Rice 1989). 
 
6.3 Results 
 After a 13 year simulation period ending in 2013, the emergent values for invested 
capital, size, annual rainfall, game and predator density, daily visitor price, bed number, 
revenue, running costs, and income of 200 simulated PLCAs did not differ significantly from 
actual characteristics recorded for the 52 study sites in 2013 (Appendix 6B). This suggests that 
the model provides a reasonable approximation to real-world trends. 
The three final business models adopted by simulated PLCAs in 2013 did not differ 
significantly in their initial annual rainfall (K = 0.6, p = 0.7; Fig. 2). In contrast, the three final 
business models differed in their initial starting size and investment in infrastructure (K = 37.5, 
p < 0.001 and K = 130.9, p < 0.001, respectively; Fig. 2). PLCAs that adopted a budget or 
hunting business model in 2013 were characterized by a lower initial size and investment in 
infrastructure than those that adopted a big game business model (Fig. 2). PLCAs which 
adopted a budget business model in 2013 were further characterized by a lower initial 
investment in infrastructure than those that adopted a hunting business model (Fig. 2). 
Income and ROI in 2013 differed significantly between the final business models 
adopted by simulated PLCAs (K = 99.6, p < 0.001 and K = 63.6, p < 0.001, respectively). Big 
game PLCAs were more profitable than both hunting PLCAs and budget PLCAs, and 
generated a larger ROI (Fig. 3).  
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Fig. 2. Comparison of Private Land Conservation Area (PLCA) initial conditions in 2001 
between the final business models adopted by simulated PLCAs in 2013. Lines, boxes, error 
bars, and circles show medians, interquartile ranges, minima and maxima (excluding outliers), 
and outliers (that deviate from the median by > 1 x the interquartile range), respectively. 
Corresponding letters indicate significant differences between business models (a. W = 1333, 
p < 0.001; b. W = 1250, p < 0.001; c. W = 175, p < 0.001; d. W = 258, p < 0.001; e. W = 490, p 
< 0.001).  
       
Fig. 3. Comparison of income and return on investment in 2013 between final business models 
adopted by simulated Private Land Conservation Areas. Lines, boxes, error bars, and circles 
show medians, interquartile ranges, minima and maxima (excluding outliers), and outliers (that 
deviate from the median by > 1 x the interquartile range), respectively. Corresponding letters 
indicate significant differences between business models (a. W = 5330, p < 0.001; b. W = 3694, 
p < 0.001, d. W = 4877, p < 0.001, e. W = 3346, p < 0.001).  
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There was more inter-annual variability (“V”) in average income in PLCAs that 
employed an ecological (“ecol”), compared with a command-and-control (“cnc”) management 
strategy, for all three initial business models (Budget: Vecol = 9.74, Vcnc = 0.12, F = 80.09, p < 
0.001; Hunting: Vecol = 8.29, Vcnc = 0.22, F = 37.81, p < 0.001; Big game: Vecol = 0.77, Vcnc = 
0.08, F = 9.09, p < 0.001; Fig. 4). Big game PLCAs that employed a command-and-control 
management strategy accumulated greater capital between 2001 and 2013 than did big game 
PLCAs that employed an ecological management strategy (Fig. 4). While the same trend was 
observed for hunting PLCAs, budget PLCAs accumulated similar capital regardless of 
management strategy (Fig. 4). 
On average over a 13 year period, PLCAs that initially adopted the three different 
business models experienced similar annual rainfall patterns (Fig. 5). In contrast, PLCAs that 
had initially adopted a big game business model remained larger than those that initially 
adopted a hunting or budget business model, with higher investments in infrastructure and 
higher numbers of game and predators (Fig. 5). Predator numbers fluctuated to a greater extent 
on big game PLCAs that employed an ecological management strategy, compared to a 
command-and-control management strategy (Fig. 5). Similarly, the number of game hunted 
annually fluctuated to a greater extent on hunting PLCAs that had employed an ecological 
management strategy, compared to a command-and-control management strategy (Fig. 5).  
Having validated the model to a 13-year time horizon, I then extrapolated beyond my 
validation period to explore potential decay in path dependence. By the year 2050, big game 
PLCAs were still generating greater returns on investment than hunting and budget PLCAs (W 
= 5622, p < 0.001; W = 3485, p < 0.001, respectively; ROIBig game = 0.19±0.01; ROIHunt = 
0.00±0.01; ROIBudget = 0.02±0.01). Between 2001 and 2050, the proportion of command-and-
control managed PLCAs that had adopted a big game business model increased by 7% (r2 = 
0.92; F = 602.01, n = 50, p < 0.001). By contrast, the proportion of ecologically managed 
PLCAs that had adopted a big game business model increased by only 3% (r2 = 0.30; F = 22.18, 
n = 50, p < 0.001). The rate of increase in the proportion of PLCAs adopting a big game 
business model was greater for command-and-control managed PLCAs than ecologically 
managed PLCAs (t = 1.99, d.f. = 96, p = 0.049; Fig. 6). 
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Fig. 4. Average annual income between 2001 and 2013, and average capital accumulated by 
2013 (total capital investment in 2013 minus initial capital investment in 2001), for 200 
simulated Private Land Conservation Areas adopting three initial business models (budget, 
hunting and big game) and two management strategies (command-and-control management 
strategy represented in black, ecological management strategy represented in grey). 
Corresponding letters indicate significant differences between management strategies (r. W = 
224, p = 0.04; t. W = 1851, p < 0.01).  
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Fig. 5. Average biophysical- and infrastructure-related values for simulated Private Land 
Conservation Areas over 13 years, according to management strategy and initial business 
model (● big game; ■ hunting; ▲ budget). (infra. cost – investment in infrastructure). 
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Fig. 6. Proportion of 100 simulated command-and-control managed Private Land Conservation 
Area (PLCAs; black dots and line) and 100 simulated ecologically managed PLCAs (grey dots 
and line) that adopted a big game business model between 2001 and 2050. Regression lines 
indicated by dashed black lines. 
 
6.4 Discussion 
 Patterns in the observed characteristics of 52 PLCAs in 2013 were effectively simulated 
through simple rules for (1) how game and predator populations are managed and fluctuate 
relative to environmental conditions over time, (2) how income is generated relative to 
available game, predators and infrastructure, and (3) how PLCA managers expand their land 
and develop their infrastructure according to the accumulation of capital (Fig. 1). These 
simulations illustrate that initial organizational constraints can have a lasting influence on the 
ability of managers to adapt their PLCAs. PLCAs supporting large predators had the largest 
income-generating capacity (as observed in reality; Chapter 3). While simulated PLCA 
managers attempted to adapt to this business model, PLCAs that initially lacked the 
infrastructure necessary to introduce predators and the land area necessary to support large 
game populations and thereby predators, were largely unable to accumulate the capital required 
to develop their PLCAs to overcome these constraints. Path dependence in capital 
accumulation, arising from land and infrastructural asset constraints on business model options, 
is therefore a plausible mechanism behind the observed inability of PLCA managers to adapt 
their business models to their economic environment (Chapter 3). This finding supports 
theoretical discussions regarding the influence of infrastructure on the dynamics of social-
ecological systems (Anderies & Janssen 2016). In contrast, I found no evidence for the 
productivity hypothesis. PLCA rainfall and thereby vegetation productivity did not constrain 
business model adaptation. 
 Less than 1.5% of PLCAs transitioned to the most profitable business model every five 
years. Assessing the likely sustainability of PLCAs with low income-generating capacity 
requires comparison between the time scales over which (a) path dependence decays and (b) 
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PLCA owners are able and willing to maintain a land use that is not meeting their objectives. 
Of the financially-motivated study site PLCAs that were not meeting their financial objectives 
in 2013, 82% stated that they would either attempt to adapt or sell their PLCA if they were not 
profitable within the next ten years (Chapter 3). With less than 3% of simulated PLCAs 
overcoming limitations on adaptation over this period, path dependence has the potential to be 
a strong driver of sustainability.  
I only included data in this study from PLCAs that rated profit generation as an 
important objective, in order to make the assumption that managers attempt to adapt their 
PLCA to meet this objective. It is important to contextualize my findings, however, as not all 
PLCAs have financial objectives (Langholz 1996; Pasquini et al. 2010a; Selinske et al. 2015). 
While the majority of study site managers adopting big game and hunting business models 
rated profit generation as an important objective, more than half of the managers of budget 
PLCAs rated it as unimportant (Chapter 3). Path dependence in asset accumulation is unlikely 
to be an important driver of sustainability for PLCAs that lack financial objectives.  
 The ability of a PLCA to accumulate capital, and thereby overcome path dependence 
and adapt to a more profitable business model over a 50 year period, was influenced by the 
adopted management strategy. Big game and hunting PLCAs that allowed for natural 
ecological variability, by adjusting hunting rates based on vegetation monitoring and allowing 
predator populations to fluctuate naturally, accumulated less capital over time than those that 
maintained constant hunting rates and predator populations. The implementation of an 
ecological monitoring programme increases the running costs incurred by a PLCA (Chapter 4). 
In addition, allowing for natural ecological variability resulted in greater inter-annual income 
variability. This was particularly evident on PLCAs that generated revenue predominantly from 
consumptive wildlife uses (such as hunting). Allowing for natural fluctuations in game 
populations directly influences hunting rates, which have a linear impact on revenue. In 
contrast, non-consumptive wildlife uses, such as ecotourism, should be buffered to some extent 
from natural ecological variability because they offer an experience that is not linearly 
proportional to game numbers (Maciejewski & Kerley 2014b). The power relationship between 
prices charged to ecotourists and predator abundances (Table 1), however, means that 
substantial declines in predator populations do affect income on big game PLCAs (which 
supports the finding in Chapter 5 that ecotourism revenue is positively related to predator 
density). High income variability and the resultant reduction in the rate of path dependence 
decay may present a significant challenge for PLCAs, if their sustainability is dependent on 
their ability to remain (or become) financially viable.  
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 It is dogmatic in the resilience literature that management which allows for natural 
ecosystem variability promotes resilient social-ecological systems (Holling & Meffe 1996; 
Biggs et al. 2012; Carpenter et al. 2015). I emphasize that an important outcome of allowing 
for natural variability in a managed natural resource is a corresponding increase in income 
variability. In the organizational literature, high income variability is considered an indicator 
of high risk in an organization (Gabriel & Baker 1980; Miller & Bromiley 1990). Therefore, 
the generally acknowledged trade-off between managing a natural resource for short-term 
productivity/stability and longer-term resilience may in fact be a more severe trade-off between 
financial and ecological vulnerability. Building resilience in such systems requires creative 
ways of managing the financial variability that arises from ecological variability, such as 
providing natural resource organizations with low interest rates on debt incurred in negative-
income years.  
 The model developed in this study has several notable assumptions. Firstly, I assume 
that the prices paid by visitors and hunters vary through time with inflation rates. However, 
this may not always be the case. For example the exchange rate and/or competition between 
PLCAs may influence what visitors are willing to pay. International versus local markets and 
ecotourism versus hunting markets could be affected by these external drivers in different 
ways. The most profitable business model today may, therefore, not necessarily be the most 
profitable business model in the future. I emphasize that the message of this study is that path 
dependence in capital accumulation can constrain the adaptive capacity of an organization 
when asset constraints segregate business models, and not that big game PLCAs will continue 
to generate the greatest income indefinitely. Secondly, the incorporation of ecological or 
financial thresholds into the model was beyond the scope of this study. Command-and-control 
management can result in game overstocking (Chapter 4), which may ultimately influence 
vegetation productivity and composition (Seymour et al. 2010), and thereby affect both the 
ecological system and its income-generating potential. Similarly, I did not include financial 
thresholds, such as the number of years that an owner will sustain an unprofitable PLCA before 
they sell or change land-use. Our understanding of the effects of path dependence on PLCA 
sustainability would benefit from the incorporation of such thresholds.  
 
6.5 Conclusion 
Initial differences in the assets of a conservation organization can determine what 
business model is adopted, and thereby the income that is generated and the capital that is 
accumulated. When financial viability is an important consideration, constraints imposed by 
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initial assets may set conservation organizations on paths towards collapse, by causing 
managers to become locked into financially unviable business models. While resilience 
thinking calls for management that allows for natural ecological variability, the associated 
increase in income variability can perpetuate this business model lock-in.  
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Appendix 6A. Questions asked and actions taken by modelled PLCA owners/managers in developing and then managing their PLCAs (refer to 
italicized parameter values and descriptions in Table 1).  
 
Start-up year: 
Question Answer Rationale 
1. What size 
PLCA do I buy? 
size = sizeinit = (sc * pl ) / cl An owner will buy the largest land area that he can afford. 
2. What type of 
accommodation 
can I build? 
typeaccom = If sc * pi  > cal * 6, then “lodge”, otherwise if sc * pi  > 
cach * 6, then “chalet”, otherwise if sc* pi > cac , then “camping”, 
otherwise “none” 
Owners will build the most expensive accommodation type (typeaccom) that they 
can afford to build with at least 6 beds (i.e. 3 rooms; no study site accommodated 
<6 people). 
3. How many beds 
can I build? 
bed.no = if typeaccom = “camping”, then 120, otherwise (sc * pi) / ca Owners will build as many beds (bed.no) as they can afford.  
4. How many 
game can I 
sustain? 
gameKinit =  gameK = (v / b) * size Game carrying capacity (gameK) is determined from available herbivore metabolic 
biomass, divided by metabolic biomass requirements per game individual (Coe et 
al. 1976; Cumming & Cumming 2003). This initial game carrying capacity 
estimate is determined by all modelled owners (gameKinit). 
5. How many 
game can I 
afford? 
game$ = (sc * pg) / cg An owner can’t buy more game than he can afford (game$). 
6. How many 
game do I 
introduce? 
countgame = minimum (game$ ; gameK) 
 
The number of game that are introduced (countgame) is the maximum number that 
can be both sustained and afforded.  
7. How many 
predators can I 
introduce? 
game.growth = gr * countgame * [1 – countgame / (gameK * 1.5)] 
offtakegametotal  = if countgame < 0.5 * gameK * 1.5, then  
game.growth, otherwise (gr * gameK * 1.5) / 4 
predatorKinit =  predatorK = (offtakegametotal * gm * ge) / pq 
countpredator =  if typeaccom = “chalet” or “camping”, then 0, 
otherwise predatorK  
I assumed that game populations grow (game.growth) according to the logistic 
equation (Caughley 1977). If a game population is greater than 0.5gameK, then the 
maximum number of individuals that can be sustainably removed each year 
(offtakegametotal; either by predators, hunting or culling) can be determined as the 
maximum sustainable yield (Caughley 1977; Starfield & Bleloch 1986). If the 
population is below 0.5gameK, then sustainable game offtake is game population 
growth (Caughley 1977; Starfield & Bleloch 1986). Given that game were 
observed to be stocked at gameK*1.5 on average across study sites, through water 
and additional food provision (Chapter 4), I assumed game populations to grow 
relative to gameK*1.5 instead of  gameK. To determine the number of predators 
that can be sustained on the available game offtake (predatorK), I multiplied game 
offtake by the biomass per game individual edible to predators, and divided by the 
annual biomass requirements of the predator. This initial predator carrying 
capacity estimate is determined by all modelled owners (predatorKinit). Only 
PLCAs with a lodge can introduce predators. Study sites were found to overstock 
cheetah but understock lion relative to carrying capacity (Chapter 5). Therefore, 
provided that the correct infrastructure is in place, PLCAs introduced predators at 
predatorK (countpredator). 
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8. How many 
game can I 
sustainably 
remove? 
 
pred.kill = (countpredator * pq) / (gm * ge) 
(a) offtakegameleft = if countgame + game.growth – pred.kill < 0.5 * 
gameK * 1.5, then 0, otherwise offtakegametotal – pred.kill 
(b) offtakegameleft = offtakegametotal – pred.kill 
offtakehunt  = if  countgame < 90, then 0, otherwise if typeaccom = 
“camping” or “none”, then 0, otherwise offtakegameleft 
The number of game that can be hunted/culled (offtakegameleft) is the game offtake 
left after predators have consumed their annual requirement (pred.kill).  
(a) Ecological management:  If the game population, subsequent to growth and 
predator kills is below 0.5gameK *1.5, none are removed to allow for game 
growth. Otherwise, maximum sustainable number are removed. 
(b) Command-and-control management: Maximum sustainable number removed. 
The observed minimum threshold for the number of game (countgame) necessary to 
hunt game offtake (offtakehunt) for a fee is 90. Hunters require accommodation in 
either a lodge or a chalet. 
9. What can I 
charge per bed? 
priceaccom = if countpredator = 0 and offtakehunt = 0, then ep, 
otherwise, if countpredator > 0, then  αp * (countpredator ^ γp) * pv, 
otherwise [(hp * offtakehunt * 2) + (ep * o * bed.no * (365 – 
offtakehunt)] / [(offtakehunt * 2 + o * bed.no * (365 - offtakehunt)] 
 
I assumed that one game animal could be shot per day on a PLCA (guided by 
information from managers), and that each hunter brought a partner. Each animal 
hunted therefore represented 2 bednights. Hunters and ecotourists cannot reside on 
a PLCA at the same time; hunting days are subtracted from possible ecotourist 
days. Price charged (priceaccom) is the average between price charged on hunting 
days and price charged on ecotourist days, weighted according to the number of 
bednights represented by hunters and ecotourists.  
10. How much do I 
earn? 
occupancyeco = 𝑜 ∗ 𝑣𝑖𝑡 𝑣𝑖2013⁄  
occupancy = if countpredator = 0 and  offtakehunt > 0, then [offtakehunt 
* 2 + (occupancyeco * bed.no * (365 – offtakehunt)] / (bed.no * 
365), otherwise occupancyeco   
revenueeco = priceaccom * bed.no * occupancy * 365 
revenuehunt =   offtakehunt * tr 
revenue = revenueeco + revenuehunt  
costcapital = size * cl  + countgame * cg + bed.no * ca 
costfixed = (a) 10 ^[mfe * log(costcapital) – cfe] 
                (b) 10 ^[mfq * log(costcapital) – cfq] 
costvariable = (a) 10 ^[mje * log(revenue) – cje] 
        (b) 10 ^[mjq * log(revenue) – cjq] 
running.cost = costfixed + costvariable 
income = revenue – running.cost 
Ecotourism occupancy rates estimated by standardizing average 2013 occupancy 
rates to study sites by visitor rates to Addo Elephant National Park. Occupancy 
rates are corrected according to the number of hunting bednights, see Q9. 
Revenues from ecotourism (eco) and hunting (hunt) are determined. Fixed running 
costs (costfixed) are related to the total value of the PLCA (costcapital); variable costs 
(costvariable) are related to total revenue. Fixed and variable costs were determined 
separately for PLCAs that (a) undertook ecological management and (b) undertook 
command-and-control management. 
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Repeat for all subsequent years: 
11. What year is it? t = t + 1  
12. How much 
capital do I 
have? 
capitalaccumulated =  if td  = t – 1, then income, otherwise if 
capitalaccumulated > 0, then capitalaccumulated * si + income, otherwise 
capitalaccumulated * sl + income 
Accumulated capital (capitalaccumulated) is determined as capital from the previous 
year, minus capital spent in the previous year on PLCA development, plus 
income from the previous year. 
13. Do I develop? If t – td  < 5, then size = size, countgameintro = 0, accomtype = 
accomtype, bed.no = bed.no; go to Q14. 
Otherwise set td = t. If capitalaccumulated < 0, then size = size, 
countgameintro = 0, accomtype = accomtype, bed.no = bed.no; go to Q14. 
Otherwise choice = random one of  “land”, “game”, 
“infrastructure”. If choice = “land”, then sizeadditional = 
(capitalaccumulated * 0.7) / cl, size = size + sizeadditional, countgameintro = 
0, accomtype = accomtype, bed.no = bed.no; go to Q14. 
Otherwise if choice = “game”, then game$ = (capitalaccumulated * 0.7) 
/ cg,  
(a)  if countgame < gameK, then countgameintro = minimum (game$ ; 
gameK -  countgame),  
(b) if countgame < gameKinit * (size / sizeinit), then countgameintro = 
minimum (game$ ;   gameKinit * size / sizeinit -  countgame) 
capitaldevelop = capitalaccumulated – countgameintro * cg 
If capitaldevelop = 0, then accomtype = accomtype, bed.no = bed.no; go 
to Q14.  
Otherwise, if accomtype = “lodge”, then accomtype = “lodge”, bed.no 
= bed.no + [capitaldevelop] / cal, go to Q14. 
Otherwise if accomtype = “chalet” and [capitaldevelop] > cal * 0.5 * 
bed.no, then accomtype = “lodge”, costaccomupgrade = cal * 0.5 * bed.no, 
bed.no = bed.no + [capitaldevelop - costaccomupgrade] / cal; go to Q14. 
Otherwise if accomtype = “chalet”, then accomtype = “chalet”, bed.no 
= bed.no + [capitaldevelop] / cach; go to Q14. 
Otherwise if [capitaldevelop] > cal * 6, then accomtype = “lodge”, 
bed.no = [capitaldevelop] / cal; go to Q14. 
Otherwise if [capitaldevelop] > cach * 6, then accomtype = “chalet”, 
bed.no = [capitaldevelop] / cach; go to Q14. 
Otherwise accomtype = “camping”, bed.no = bed.no 
Owners assess development options every five years. If owners have not 
accumulated any capital, then they do not consider developing for another five 
years. Otherwise owners spend 70% of accumulated capital on development, and 
they chose randomly to (1) purchase as much additional land as they can afford 
(sizeadditional), (2) purchase as much game as they can afford up to the limit of (a) 
the current game carrying capacity or (b) the initial carrying capacity guideline 
adjusted relative to any subsequent increases in size (countgameintro), or (3) upgrade 
and/or expand their accommodation. If the manager decides to buy game but is 
not able to spend all 70% of capital on game purchase due to the upper threshold 
defined in (2), then this money (capitaldevelop) can be spent on accommodation. I 
assume that the cost of upgrading from a chalet to a lodge (costaccomupgrade) is half 
the price of building a lodge from scratch. I assume that the cost of upgrading a 
campsite to a lodge or chalet is equal to the total costs of building a lodge or 
chalet, respectively. A PLCA upgrades from a chalet to a lodge if it has sufficient 
capital to upgrade all chalet beds. A PLCA upgrades from a campsite to a lodge 
or chalet if it has sufficient capital to build lodge or chalet accommodation for 6 
people (see Q2). 
 
14. How many 
game do I have? 
gameK = (v / b) * size, where r = r in year = t -1 and size = size in 
year = t -1. 
game.growth = gr * countgame * [1 – countgame / (gameK * 1.5)] 
pred.kill = (countpredator * pq) / (gm * ge) 
countgame = countgame +  game.growth -  pred.kill - offtakegameleft + 
countgameintro 
Game number is determined at the start of each year, according to growth, kills 
and removals in the previous year. A game population grows according to the 
logistic equation, see Q7.  
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15. How many 
predators do I 
have? 
gameK = (v / b) * size, where r = r in year = t and size = size in year 
= t. 
game.growth = gr * countgame * [1 – countgame / (gameK * 1.5)] 
offtakegametotal  = if countgame < 0.5 * gameK * 1.5, then  
game.growth, otherwise (gr * gameK * 1.5) / 4 
predatorK = (offtakegametotal * gm * ge) / pq 
(a) countpredator = if countpredator > 0, then countpredator + countpredator * 
pr * (1 –  countpredator / predatorK), otherwise if year = td and 
accomtype = “lodge”, then countpredator = predatorK, otherwise 0. 
(b) countpredator = if countpredator > 0, then countpredator , otherwise if 
year = td and accomtype = “lodge”, then countpredator = 
predatorKinit * (size / sizeinit), otherwise 0. 
Predator number is determined at the end of each of year. See Q7.  
(a) If the PLCA is undertaking ecological management, the predator population 
grows/declines annually according to the logistic equation. If there are 
currently no predators and it is a development year, a manager can introduce 
predators at their current carrying capacity.  
(b) If the PLCA is undertaking command-and-control management, the predator 
population kept constant by sales and/or contraception and feeding. If there 
are currently no predators and it is a development year, a manager can 
introduce the initial carrying capacity of predators, adjusted relative to any 
subsequent increases in size. 
 
16. How many 
game can I 
sustainably 
remove? 
 
pred.kill = (countpredator * pq) / (gm * ge) 
(a) offtakegameleft = if countgame + game.growth - pred.kill > gameK, 
then (countgame + game.growth - pred.kill - gameK) + 
(offtakegametotal – pred.kill), otherwise if countgame + 
game.growth – pred.kill < 0.5 * gameK * 1.5, then 0, otherwise 
offtakegametotal – pred.kill 
(b) offtakegameleft = offtakegametotal – pred.kill 
offtakehunt  = if  countgame < 90, then 0, otherwise if typeaccom = 
“camping” or “none”, then 0, otherwise offtakegameleft 
See Q8.  
(a) Under ecological management, game carrying capacity is determined each 
year. If the game population, subsequent to growth and predator kills is 
above its carrying capacity, then this excess number of game is removed in 
addition to the offtake left after predator kills. If the game population, 
subsequent to growth and predator kills is below 0.5gameK*1.5, none are 
removed to allow for game growth.  
(b) Under command-and-control management, game carrying capacity is not 
determined each year, and the same proportion of the total game population 
is removed each year.  
17. What can I 
charge / bed? 
See Q9  
18. How much do I 
earn? 
See Q10  
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Appendix 6B. Comparison between data attributes recorded for 52 Private Land Conservation 
Areas in 2013, and attributes generated from a mechanistic model run from 2001 to 2013. No 
attributes are significantly different at a bonferroni-corrected α = 0.005 (1. W = 4412, p = 0.98; 2. 
W = 6468, p = 0.007; 3. W = 4780, p = 0.4; 4. W = 5973, p = 0.03; 5. W = 4220, p = 0.1; 6. W = 
5455, p = 0.4; 7. W = 6315, p = 0.02; 8. W = 3727, p = 0.7; 9. W = 3756, p = 0.5; 10. W = 3251, p 
= 0.2). 
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CHAPTER 7: SYNTHESIS 
 
 
The concept of a social-ecological system acknowledges the linked nature of people and 
ecosystems, and the importance of these linkages for humanity’s well-being and sustainable 
development. Social-ecological systems research is a young and rapidly growing field of study, 
and several concepts remain poorly developed. Notably, in understanding the behaviour of social-
ecological systems, much focus has been placed on the role of institutions that govern how natural 
resources should be managed, and the biophysical processes affected by this management. 
Somewhat less attention has been given to the role played by management organizations and 
natural resource managers themselves. In this thesis I have contributed to social-ecological systems 
theory through an in-depth investigation of the social-ecological interactions driving the 
management and sustainability of commercial Private Land Conservation Areas (PLCAs) in the 
Cape region of South Africa.  
The objectives of this thesis were to assess if, how and why commercial PLCA managers 
(a) meet their financial objectives and (b) adopt unsustainable ecological management practices. I 
illustrate that PLCA profitability and management are influenced by interactions between natural 
resources and their resource systems, natural resource managers and their organizations, regional 
policies, and national and international tourists (Fig. 1). These interactions occur over multiple 
temporal, institutional and spatial scales (Fig. 1), and have important implications for the likely 
long-term sustainability of PLCAs, as I will synthesize in this chapter.  
I first outline how I achieved my objectives, and the two primary contributions that this 
thesis makes to social-ecological systems theory. These contributions, as identified in Chapter 1, 
are (1) how ideas from organizational studies can be applied to understand patterns in the 
organizational strategies adopted by natural resource managers, and (2) how manager action-
outcome feedbacks function as pivotal interactions in social-ecological systems (Fig. 1). I follow 
with a theoretical and practical perspective on governance in private land conservation, practical 
implications and suggestions arising from this study, and a reflection on the research approach. I 
conclude with a discussion on future research directions.  
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Fig. 1. Conceptual representation of the multi-scale, social-ecological components and interactions 
that characterize commercial Private Land Conservation Areas (PLCAs), as revealed by this thesis 
(Chapters 3 to 6). Ecological and social system components are represented in green and orange, 
respectively. Arrow directions indicate causality of interactions. The two focal system components 
studied in this thesis (the manager and their organization) are indicated in bold. Spatial scale 
represents the scale at which system components function (from game and predators occurring 
within a PLCA of several hundred square kilometers, to regionally-relevant policies, and tourists 
that live within the same country as a PLCA or up to several thousand kilometers away). Response 
time represents the time taken for system components to respond to internal or external changes 
(from predator and game abundances that change annually, to vegetation quality which can take 
decades to change; and from a PLCA manager which can respond to emergent issues within several 
months, to regional governments which may take several years or decades to respond with policy 
amendments). As this is a conceptual representation, box sizes and locations are intended to 
illustrate relative scales at which system units may operate, as opposed to providing precise 
estimates.  
 
7.1 The application of organizational theories to a social-ecological system 
PLCAs emerge from the motivations/objectives of individual landowners, often in the 
absence of external incentives, programmes or legislation (Stolton et al. 2014). Even when formal 
legal protection exists, it does not always ensure sustainability (see, for example, the occurance of 
convenant breaches in Australia; Hardy et al. 2016). The sustainability of a PLCA is therefore 
likely to be influenced by its continued ability to meet its owner’s objectives. Concerns have been 
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raised that the sustainability of commercial PLCAs may be contingent on their ability to become 
and/or remain financially viable (Langholz 1996; Langholz & Lassoie 2001; Pasquini et al. 2010b; 
Miller et al. 2013; Pegas & Castley 2014). The first objective of this thesis was therefore to 
investigate if, how and why the managers of commercial PLCAs meet their financial objectives. 
Almost a quarter of interviewed PLCA managers stated profit generation to be an important 
objective but were not currently achieving this objective (Chapter 3), and a diverse range of 
biophysical and socioeconomic PLCA characteristics influenced revenue-generation and 
profitability (Chapters 3, 4 and 5). In order to understand why this common “mismatch” existed 
between managers’ financial objectives and their PLCAs’ financial outcomes, I applied theories 
from organizational ecology.  
PLCAs can be viewed as organizations, characterized not only by the resource units and 
systems within their boundaries, but by their ecological and business management objectives and 
strategies, infrastructure, and financial systems (Fig. 1; Chapters 3 and 6). Organizational ecology 
hypothesizes that organizations become segregated into distinct clusters sharing a common identity 
when there are incompatibilities between organizational characteristics that segregate the 
combinations of characteristics that can emerge and persist (Hannan & Freeman 1986; Ruef 2000). 
In support of this theory, distinct clusters of PLCAs were evident, which displayed unique 
combinations of socioeconomic and ecological characteristics, and differed in their income-
generating potential (Chapter 3). These “business models” were segregated by meaningful 
incompatibilities between certain characteristic combinations, such as small size and large number 
of game species, or hunting activities and the presence of large predators.  
Organizational ecology further proposes that elements of organizational identities (such as 
business models) can be subject to structural inertia, with limited ability to adapt at an appropriate 
rate to changes in their environment (Hannan et al. 2004; Stieglitz et al. 2016). The theory of path 
dependence is a proposed mechanism that can lead to structural inertia in organizations (Sydow et 
al. 2009; Heine & Rindfleisch 2013). Path dependence, in the organizational context, is defined as 
historical events, which may, under certain conditions lead to self-reinforcing processes and result 
in organizational lock-in (Sydow et al. 2009). Applying these theories to PLCAs through the 
development of a mechanistic model, I found evidence that initial investments in land area and 
infrastructure determine which business model can be adopted by a manager, and limitations in 
the capital that can be accumulated from certain business models prevent managers from 
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overcoming the socioeconomic and ecological incompatibilities that separate business models, 
leading to inert business models that do not meet their managers’ financial objectives (Figs. 1 and 
2; Chapter 6). These organizational limitations on the ability of PLCA managers to adapt to their 
economic environment have important implications for PLCA sustainability. Managers of over 
80% of mismatched PLCAs stated that they would not continue to finance an unprofitable 
organization indefinitely, and would either sell or attempt to adapt if they do not manage to achieve 
their financial objectives in the next ten years (Chapter 3). Less than 3% of simulated PLCAs 
overcame limitations on adaptation over this period (Chapter 6). “Rational routes to collapse” 
(Peterson et al. 2003) may therefore arise in social-ecological systems when initial, rational choices 
of how to manage and conserve a natural resource in a given socioeconomic environment lead to 
inert organizational structures that are unable to adapt effectively to changing socioeconomic 
conditions. 
 
 
Fig. 2. Organizational theories regarding the mechanisms that drive patterns of organizational 
diversity and lock-in.  
 
The ability to adapt to change has been suggested as a key determinant of the effectiveness 
of conservation organizations (Clarke & McCool 1996; Kenward et al. 2011). Empirical 
assessments of the adaptive capacity of conservation organizations are scarce, as are hypotheses 
regarding the determinants of this adaptive capacity (but see Baral 2013; Larson et al. 2014; 
Armsworth et al. 2015). In contrast, this topic has received considerable attention in the 
organizational sciences (see review by Heine & Rindfleisch 2013). This thesis provides a unique 
illustration of how organizational sciences can contribute to developing hypotheses for the 
behaviour of organizations in governing social-ecological systems. For example, nonprofit 
organizations within the biodiversity conservation sector in the United States were found to have 
little capacity to adapt their financial management to economic change (Larson et al. 2014). It was 
suggested that this may be because (a) changes to funding processes and conservation activities 
occur at time scales too long to be detected by the study; or (b) biodiversity conservation nonprofits 
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do not prioritize responsiveness to changing economic conditions as an organizational objective 
(Larson et al. 2014). Ideas from organizational ecology enable me to propose a third hypothesis, 
that conservation nonprofits experience structural inertia in their spending practices (for example, 
through path dependency in land purchase, rigid management strategies, etc.), which impede their 
ability to adapt (Fig. 2).  
 Patterns and processes unique to social-ecological systems may provide novel perspective 
on organizational theories. Socioeconomic processes (such as demand and revenue) can change 
over short time periods, while ecological processes like habitat alteration or trophic cascades 
generally change over much longer time scales (Walker et al. 2006; Cumming et al. 2015). 
Therefore, when income generation is an important driver of management in a social-ecological 
system (such as a farm, fishery or commercial PLCA), managers may more readily attempt to 
adapt their management to socioeconomic processes than to ecological processes (Chapter 4; 
Cumming et al. 2015). If these adaptations are detrimental to slower-changing ecological processes 
(see Chapter 4, for example), then the social-ecological system becomes gradually less resilient to 
the larger shocks that may eventually emerge from ecological feedbacks (Cumming et al. 2015). 
The theory of structural inertia states that organizations that attempt to adapt too often and too 
specifically to current conditions can increase their risk of failure in a dynamic environment 
(Hannan & Freeman 1977, 1984; Haveman 1992; Ruef 2000; Hannan et al. 2003; Barnett & 
Carroll 2014). Hannan and Freeman (1984) argue that “the worst of all possible worlds is to change 
structure continually only to find each time upon reorganization that the environment has already 
shifted to some new configuration that demands yet a different structure”. Structural inertia is 
therefore viewed as a double-edged sword in organizational ecology, useful in the short-term but 
ultimately harmful in the long-term by impeding the ability of an organization to adapt to a 
dramatically-changed environment.  
The ability to adapt to change is a central feature of resilience (Folke et al. 2002; Carpenter 
& Brock 2008), and the concept that adaptation can be detrimental may therefore seem 
contradictory to social-ecological systems theory. I find support for the importance of adaptive 
capacity in the PLCA industry, whereby an inability to adapt to the economic environment is likely 
to effect the sustainability of many financially-motivated PLCAs (Chapters 3 and 6). However, 
there may be a risk that frequent and specific adaptations in response to fast-changing 
socioeconomic variables can result in unforeseen but detrimental changes to slow-changing 
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ecological variables (Chapters 4 and 5), thereby supporting the theory of structural inertia at shorter 
time periods. The intermediate disturbance hypothesis suggests that local species diversity is 
maximized when ecological disturbance is neither too rare nor too frequent (Connell 1978). High 
levels of disturbance are associated with high risk of extinction, while low levels result in a few 
competitive species establishing dominance (though the concept still receives considerable debate, 
see for example Fox 2013; Sheil & Burslem 2013). In social-ecological systems, an “intermediate 
adaptive capacity” concept for organizations would be an interesting hypothesis to explore, where 
organizational resilience is greatest when adaptation is neither highly frequent, resulting in 
adaptation to fast-changing socioeconomic variables at the detriment of slower-changing 
ecological variables, nor very rare, resulting in inert organizations that become unable to meet their 
objectives in a changed environment.  
These ideas are not dissimilar from the principle of the conservation of vulnerability. 
Vulnerability is the degree to which a system, subsystem, or system component is likely to 
experience harm due to exposure to a perturbation or stress (Turner et al. 2003). It is proposed that 
vulnerability in complex systems can be displaced, but not destroyed (Anderies & Norberg 2008). 
Adaptations that serve to reduce the vulnerability of desirable system resources to natural 
fluctuations therefore result in an increase in the vulnerability of other, potentially slower-changing 
system variables (Anderies & Norberg 2008). Given that slower-changing system variables 
ultimately determine the functioning and resilience of systems (Gunderson & Holling 2002; 
Norberg & Cumming 2008; Biggs et al. 2012), the theory of the conservation of vulnerability could 
similarly caution against frequent adaptation in response to fast-changing system variables.   
 
7.2 Manager action-outcome feedbacks: pivotal interactions in social-ecological systems 
There are concerns that financially-motivated PLCA managers may be tempted to prioritize 
profit over biodiversity protection in their management practices, thereby jeopardizing their 
ecological sustainability (Langholz 1996; Langholz & Lassoie 2001; Cousins et al. 2010; Pasquini 
et al. 2010b; Miller et al. 2013; Maciejewski & Kerley 2014a, 2014b). Such a concern is not 
unusual in natural resource management systems; examples of productivity-driven management 
resulting in ecosystem degradation at longer time scales are ubiquitous (Larkin 1977; Pamo 1998; 
Carpenter et al. 1999, 2015; Anderies et al. 2002; Folke et al. 2004; Seymour et al. 2010). 
Commercial PLCAs are interesting social-ecological systems in which to explore the decision-
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making that causes these dynamics. Their managers usually have strong conservation objectives 
(Chapter 3; Langholz 1996; Pasquini et al. 2010b; Stolton et al. 2014), and the potential therefore 
exists for trade-offs between managing for short-term financial objectives and long-term 
ecological objectives.  
The second objective of this research was to investigate if, how and why commercial 
PLCAs adopt unsustainable ecological management practices. I focused on management related 
to game (large herbivores) and predators, as natural resources with revenue-generating potential 
on PLCAs (Chapter 3; Lindsey et al. 2007; Di Minin et al. 2013; Maciejewski & Kerley 2014a), 
as well as vegetation, since it is a slower-changing system variable that is influenced by large 
herbivores (Anderies et al. 2002; Seymour et al. 2010). The majority of PLCAs were relatively 
small (5,400 ha on average), fenced, and comprised of former farmland on which large mammals 
were extirpated. Supporting a rich diversity and abundance of large mammals therefore required 
intensive management to stabilize natural ecosystem variation, in the form of game and predator 
reintroductions, population regulation through hunting, culling or contraception, and actions to 
enhance and regulate vegetation biomass and water supply (Chapters 4 and 5). Financial objectives 
were found to influence these ecological management practices. An increased focus on revenue-
generation in manager decision-making resulted in increased frequency of actions to stabilize 
short-term variation in large mammal populations, which led to increased species richness and 
abundance and thereby increased revenues from ecotourism or hunting. These relationships 
highlight the high potential for a reinforcing feedback between financially-driven management 
actions and financially-successful (in the short-term) ecological outcomes on PLCAs. It is 
therefore important to consider the sustainability of these management practices.  
Managing habitats to benefit hunted game species is a global phenomenon, for example 
tree reduction enhances forage for deer in the United States and burning moorlands in Scotland 
increases habitat for game birds (Gallo & Pejchar 2016). Despite this global phenomenon, little is 
known about the conservation implications of these actions on non-target fauna and flora (Gallo 
& Pejchar 2016). In this thesis I show that increased intensity of management actions that stabilize 
short-term resource variability corresponded with higher numbers of reintroduced extralimital 
species, as well as increased rates of game overstocking in the absence of predators (Chapter 4). 
Over half of PLCAs supporting free-roaming predators were overstocked, corresponding with 
increased frequency of supplementary feeding and restocking of prey (Chapter 5). These 
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management actions can have important consequences for the resilience of the managed natural 
resource system. Management actions that reduce natural ecological variability in the short-term, 
for example by maintaining large mammals at a constant stocking rate, can increase this variance 
at longer time scales (Stein 2003) and thereby increase the likelihood of a system being pushed 
over a threshold and out of its current, desirable state (Carpenter et al. 2015). For example, 
insecticide spraying in eastern Canada reduced the frequency of boom-and-bust budworm 
epidemics, resulting in an accumulation of susceptible foliage and making the system less resilient 
to more intensive and extensive budworm outbreaks (Ludwig et al. 1978). Similarly, the effective 
suppression of fires in the national parks of the western United States led to the homogenous 
accumulation of fuel, thereby increasing the system’s vulnerability to larger and more widespread 
fires (Wright & Heinselman 1973). On PLCAs, the maintainenance of constant, high stocking rates 
of game may increase the vulnerability of the vegetation community in times of drought (see for 
example Anderies et al. 2002; Carpenter et al. 2015), or make the large mammal community less 
resilient to disease outbreaks (see for example De Vos et al. 2016).  
It is generally agreed upon in social-ecological systems thinking that management which 
aims to reduce natural variability in ecological patterns and processes, such as pest abundance or 
fire frequency and intensity, reduces system resilience (Wright & Heinselman 1973; Ludwig et al. 
1978; Holling 1981; Walker et al. 1981; Holling & Meffe 1996; Anderies et al. 2002; Carpenter et 
al. 2015). The need to cope with variability, uncertainty and complexity in managing natural 
resource systems is therefore emphasized, for example through the use of adaptive management, 
learning, decision-theory and scenario-planning (Holling 1978; Walters 1986; Walters & Holling 
1990; Carpenter & Gunderson 2001; Keith et al. 2011; Polasky et al. 2011; Williams 2015). 
Models have shown that management-monitoring feedbacks can improve the sustainability of 
resource management in uncertain environments, but lead to “rational routes to collapse” when 
management decisions are informed by short-term ecosystem trends and when decision support 
tools don’t consider past trends or system thresholds (Peterson et al. 2003; Lindkvist & Norberg 
2014). Empirical assessment is lacking, however, of the feedbacks between management actions 
and outcomes, which emerge due to managers’ motivations and reinforce (potentially 
unsustainable) management practices.  
This thesis emphasizes that consideration of these reinforcing action-outcome feedbacks 
needs to be better integrated into social-ecological systems theory. Management strategies that 
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achieve short-term financial objectives, despite their negative implications for system resilience 
over longer time frames, highlight the challenges of managing systems subject to fast- and slow-
changing variables (Figs. 1 and 3; Holling & Meffe 1996). Intensive water flow management in 
the Everglades over the past century, in response to short-term needs and issues such as sugar 
production, has had a lasting and costly impact on the resilience of the system (Gunderson et al. 
1995). Similarly, the majority of PLCA managers focussed on the outcomes of their actions for 
fast-changing system variables, such as game numbers and revenue, and did not monitor slower-
changing system variables such as vegetation, which is shown to be a costly exercise (Chapter 4). 
They are therefore unlikely to realize the implications of their management actions for slower-
changing ecological variables, and continue to implement these seemingly successful strategies. 
The tight feedbacks between manager decision-making and fast-changing system variables, and 
the absent or loose feedbacks between manager decision-making and slow-changing systems 
variables, illustrate how management strategies can become unsustainable, even when 
conservation is an important objective (Fig. 3).  
 
         
Fig. 3. Relationships between manager decisions, management actions and ecological outcomes 
in a social-ecological system. Causal relationships are indicated by arrows; bold arrows indicate 
the tight feedback between managers and fast-changing system variables; the dotted grey arrow 
indicates a relationship that only exists if managers undertake monitoring of slow-changing 
biophysical variables.  
 
This thesis further illustrates that facilitating natural ecosystem variability can result in 
reduced income, impeding the ability of natural resource managers to accumulate the capital 
necessary to overcome constraints on adaptation, and thus perpetuating their financial vulnerability 
(Chapter 6). Therefore, the theoretical emphasis on facilitating natural variability in social-
ecological systems needs a more practical perspective on the implications of this management 
approach for achieving managers’ objectives (see, for example Little et al. 2016), and the 
associated implications for system resilience from a financial as well as an ecological perspective.  
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7.3 Governance in private land conservation: theory and practice 
Governance is defined as the exercise of deliberation and decision-making among groups 
of people who have various sources of authority to act, and may be practiced through a variety of 
organizational forms (e.g. international unions, national and regional governments, local 
organizations; Biggs et al. 2012). Polycentric governance refers to a system of governance 
authorities spanning multiple scales, where each governance unit has independence within a 
specified geographic area and domain of authority, and each unit may link with others horizontally 
on common issues and be nested vertically within broader governance units (Biggs et al. 2012). 
Major challenges in governing social-ecological systems can emerge when the scales of 
governance are “mismatched’ with the scales of the resources being managed, due to inappropriate 
scales of enforcement and/or a lack of understanding (Cumming et al. 2006; Folke et al. 2007). 
Therefore, one of the key principles of polycentric governance is to match governance levels to 
the scale of the problem (Cumming et al. 2006; Folke et al. 2007; Biggs et al. 2012; Guerrero et 
al. 2015). Polycentric structures are believed to increase modularity and functional redundancy in 
a governance system, thereby improving its resilience (Biggs et al. 2012). For example, broader 
levels of governance can step in when lower levels fail to implement effective or appropriate 
conservation actions (e.g. Newton 2011). In contrast, where institutional failure occurs at the 
national and international levels, local-level conservation actions can prove imperative (e.g. 
Paloniemi & Vilja 2009; Lindsey et al. 2014). 
At the 5th World Parks Conference in Durban in 2003, governance was identified as 
“central to the conservation of protected areas throughout the world” (World Conservation Union 
2003). While protected areas were historically managed by national governments in line with 
governmental objectives, representing a “top-down” approach to governance, protected area 
governance structures are now highly diverse, ranging from national and regional government 
organizations, to nonprofit and for-profit organizations, individuals and communities (refer to Fig. 
3 in Chapter 1; Eagles 2009; Leverington et al. 2010). Given the challenges encountered by 
governments in effectively establishing and enforcing protected areas (Watson et al. 2014), the 
decentralization of conservation to local, private landowners holds much promise (Langholz & 
Krug 2004; Stolton et al. 2014). Private land could improve resilience in conservation governance 
structures by (a) providing conservation capacity where regional and national capacity is low and 
(b) devolving conservation governance to local landowners that operate at the spatial scale of the 
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land being conserved. This would reduce the challenge of scale mismatch for example, by 
incorporating local knowledge on a resource system and how best to manage it. Resilience could 
also be fostered in the other direction: with regional and national scale governance structures 
facilitating and regulating local conservation efforts. Many governments have adopted incentive 
programmes to encourage private land conservation, with positive interaction between landowners 
and governmental agencies deemed to be an important factor influencing their success (Cooke et 
al. 2012; Rissman & Sayre 2012; Selinske et al. 2015). Given the findings in this thesis that 
financial motivations and a lack of ecological monitoring can result in unsustainable management 
on some PLCAs (Chapters 4 and 5), it could be argued that higher-level governance authorities 
need to engage more closely with landowners in order to foster sustainable management and/or 
regulate inappropriate practices.  
This is no simple task. A complex mix of state, civil society and private sector 
organizations are involved in the management and governance of PLCAs (Carter et al. 2008; 
Pasquini et al. 2010a; McGranahan 2011; Pegas & Castley 2014). Private landowners globally 
prefer incentive-based, voluntary approaches to conservation on their lands (e.g. Kabii & Horwitz 
2006; Mayer & Tikka 2006; Cocklin et al. 2007; Pasquini et al. 2010a), which means governance 
approaches may be more effective if they rely on cooperation rather than regulation (e.g., Cocklin 
et al. 2007; Paloniemi & Vilja 2009). PLCA owners in South Africa were found to be hostile 
towards environmental regulations and distrusting of the governments and agencies that enforced 
them (Cousins et al. 2010; Pasquini et al. 2010a). In addition, this thesis illustrates that 
inappropriate policy can have an adverse effect on the sustainability of wildlife management on 
private land (Chapter 5). While effective conservation on private land holds much promise for 
improving the resilience of conservation governance systems, careful consideration is required on 
how to foster appropriate management and continued motivation at this local level of governance.  
A complementary option may be to foster knowledge sharing between PLCA managers, as 
well as between PLCA managers and the managers of other conservation entities, such as regional 
and national parks. The sharing of information, knowledge, and management strategies between 
managers provides important opportunities for learning, improved management and monitoring 
on regional and national protected areas (Maciejewski & Cumming 2015). A recent assessment of 
the social networks of PLCA managers in South Africa showed that these networks were small 
and underutilized, and there was a lack of connectivity across institutional levels (private vs. 
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statutory protected areas) and spatial scales (Maciejewski et al. 2016). The concept of polycentric 
governance emphasizes the importance of local governance units linking horizontally on common 
issues, as well as being nested vertically within broader governance units (Biggs et al. 2012). 
Facilitating sustainable ecological management on PLCAs should therefore include both cross-
sector information sharing opportunities, and appropriate engagement with higher-order 
governance authorities (where ‘appropriate’ engagement provides ecologically accurate 
information, see Chapter 5, and is cognizant of landowner motivations, see Kusmanoff et al. 2016).  
 
7.4 Practical suggestions and implications 
This thesis emphasizes the importance of ecological monitoring in promoting sustainable 
natural resource management (Chapter 4). A challenge, however, is the cost of monitoring 
(Chapters 4 and 6). Many PLCAs do not generate the revenues that would be required to undertake 
monitoring and still meet their financial objectives (Chapter 3). The industry therefore needs 
innovative solutions to this challenge. One potential solution is that of volunteer tourism. 
Volunteer tourism is defined as “tourists who, for various reasons, volunteer in an organized way 
to undertake holidays that might involve aiding or alleviating the material poverty of some groups 
in society, the restoration of certain environments, or research into aspects of society or 
environment” (Wearing 2001, pg 1). Participation in volunteer tourism has grown exponentially 
over the past several decades. Between 1971 and 2014, the organization Earthwatch involved over 
90,000 volunteers in 1400 projects across 120 countries, contributing $67 million and 11 million 
hours to scientific fieldwork (McGehee 2014). It is estimated that 10 million people now 
participate annually in volunteer tourism projects worldwide (McGehee 2014). Several of the 
PLCA managers that were interviewed for this study had adopted wildlife volunteer programmes, 
and emphasized their importance. These volunteer programmes serve as self-funded ecological 
research and monitoring programmes, in that volunteers pay to volunteer. While some studies have 
raised concerns over the quality of volunteer-collected data (Foster-Smith & Evans 2003), when 
training is provided and suitable responsibilities are allocated, volunteers can collect high quality 
data useful for guiding natural resource management (Brightsmith et al. 2008).  
This thesis highlights the importance of ecologically-sound policy for wildlife management 
on private land (Chapter 5). For example, a reassessment of the cheetah minimum area 
requirements in the Eastern Cape Province’s Certificate of Adequate Enclosure Policy 
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(Department of Economic Development and Environmental Affairs 2008) is necessary, in light of 
my finding that this requirement is a significant underestimate (Chapter 5). This finding was 
brought to the attention of the Department of Economic Development, Environmental Affairs and 
Tourism in the Eastern Cape Province, who advised in a recent email that “The Biodiversity 
Technical Committee for the Department agreed yesterday that the minimum area to introduce 
Cheetah be increased to 2 000 ha. An Amendment was drafted for submission to the General 
Manager to effect this change. It will also be discussed at the SECSICOM Meeting on Tuesday 
26th July” (Email sent to Professor Graham Kerley from Alan Southwood, Environmental Officer: 
Specialised Production, Department of Economic Development, Environmental Affairs and 
Tourism; 20 July 2016).  
The lack of consensus on what constitutes a “private protected area” and concern over the 
likely permanence of private protected areas have resulted in private land being largely omitted 
from international conservation reporting mechanisms, ignored by many governments and 
excluded from conservation strategies in numerous regions (Stolton et al. 2014). South Africa is 
relatively well-advanced in its inclusion of private land into its protected area legislation and 
reporting (Stolton et al. 2014). While only legislated private protected areas contribute to national 
and provincial protected area targets, the conservation sector recognizes geographic areas that do 
not fall under the Protected Areas Act, but receive some form of protection by the landowners and 
are managed at least partly for biodiversity conservation (Stolton et al. 2014). There has been 
recent debate around expanding the scope of private land conservation types that are included in 
the national protected area estate, particularly through regional biodiversity stewardship 
programmes (personal communication, Kerry Purnell, CapeNature, 13 April 2015). Attempts at 
defining private protected areas to date have focused largely on tenure arrangements and 
management objectives (Langholz & Lassoie 2001; Langholz & Krug 2004; Carter et al. 2008; 
Kamal & Brown 2015). My research emphasizes that management objectives are an important 
consideration and should include consideration of whether or not ecological monitoring is 
undertaken. Furthermore, even if a PLCA is subject to ecologically-sound management, if it is not 
able to achieve its financial objectives in the long-term it may not be sustainable from a financial 
perspective. Financial sustainability is therefore an important consideration when including private 
land into national protected area estates, given the assumption that these estates provide 
conservation in perpetuity.   
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7.5 Reflections on the research approach 
This study was based largely on an empirical dataset, collected through visits to PLCAs 
and engagement with their managers. For some of the PLCA characteristics under consideration 
in this study, this dataset was representative of one year of information. For example, I was able 
to acquire only a single year of financial data. Longer-term datasets proved challenging to obtain 
either because managers were reluctant to share substantial financial datasets or because this 
information had not been appropriately archived and was therefore unavailable. Interpretation of 
the drivers of profitability in this thesis is therefore specific to a single year, and likely to fluctuate 
over time with changing tourist preferences, global economies, fuel prices, etc. While my findings 
are in support of previous studies and therefore appear to be an accurate representation of general 
trends in the industry, I emphasize in Chapters 3 and 6 that additional years of financial data would 
be beneficial in confirming these patterns.  
Given the single year of data, many of the analyses in this thesis make use of a “space for 
time” substitution. A large sample size enabled me to undertake quantitative statistical analyses, 
such as cluster analyses (Chapter 3), structural equation models (Chapter 4) and linear models 
(Chapter 5), in order to test predictions. Emergent relationships were interpreted dynamically, for 
example “an increase in management intensity led to an increase in game abundance” (Chapter 4) 
or “higher lion densities led to higher revenues” (Chapter 5), although the relationships themselves 
were observed statically in time. The absence of time series data limited my ability to quantify 
empirically the likely feedbacks arising from these relationships. In Chapter 3, for example, 
patterns of financial objectives and profitability suggest that PLCA managers may be constrained 
in their ability to adapt their business model to changing economic conditions, but I was unable to 
assess this empirically. Similarly, Chapter 4 highlights relationships between managers’ use of 
revenue to inform management, management actions, and ecological and financial outcomes. 
There is, therefore, the strong likelihood that financial outcomes influence future management 
decisions, but I was unable to test this empirically. By developing a mechanistic PLCA model with 
which to test hypothesized drivers of observed relationships on PLCAs (Chapter 6), I was able to 
overcome the static nature of the data to some extent. For example, this model enabled me assess 
dynamically whether PLCA characteristic incompatibilities limited business model adaptation, as 
predicted in Chapter 3.  
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Many of my findings provide insight into the likely sustainability of the PLCA industry. 
For example, overstocking is likely to erode ecological sustainability, while ecological monitoring 
appears to promote ecological sustainability. Similarly, PLCAs that do not have financial 
objectives or are able to achieve their financial objectives are likely to be more sustainable than 
those that are unable to meet their financial objectives. I was not able to explicitly measure PLCA 
sustainability, however, in the absence of time-series data. I lacked detailed ecological data that 
would have enabled a more direct assessment of ecological management practices, such as 
vegetation composition and quality and large mammal body condition and population trends. Data 
on failed PLCAs would similarly have enabled a more direct assessment of drivers of 
sustainability. In a relatively short-term study, such as a three year PhD, there is a trade-off in 
many cases between collecting a large dataset and a detailed dataset. Visiting 72 PLCAs enabled 
me to undertake insightful quantitative analyses, from which I could contribute to social-ecological 
system theory and provide grounded generalizations about the PLCA industry, but this was offset 
against collecting more detailed site-specific data.   
 
7.6 Future research directions 
Path dependence is a concept that has been applied across several fields, including 
economics (Arthur 1994), ecology (Cumming & George 2009), social-ecological systems (Grove 
2009; Mendez et al. 2012), and organizational science (Sydow et al. 2009; Heine & Rindfleisch 
2013). It is a mechanism inherent within complex systems subject to multiple stable states. These 
states are separated by a threshold in one or more system property (Holling 1973; Gunderson 2000; 
Folke et al. 2004). Seemingly small initial differences in the properties of two systems can position 
them on opposite sides of this threshold between states. These small initial differences can become 
magnified over time as each system follows the self-reinforcing path inherent to its state (Holling 
1973; Gunderson 2000; Folke et al. 2004). In a variable environment, long-term success is 
dependent on the capacity to adapt through change (Holling 2001). Path dependency can erode 
system resilience if it impedes this adaptive capacity, causing a system to become trapped in an 
undesirable state (Carpenter & Brock 2008).  
While the concept of path dependence is not new to social-ecological systems studies, 
particularly in understanding the behaviour of institutions (Allison & Hobbs 2004; Mwangi 2006; 
Mendez et al. 2012), this study illustrates how this concept, together with others that are unique to 
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the organizational sciences (e.g. Fig. 2), can be useful in understanding organizational behaviour 
in social-ecological systems. The role of organizations, as opposed to institutions, in maintaining 
social-ecological systems in desirable or undesirable states has received minimal attention in 
social-ecological systems research. Organizations are likely to be a key determinant of resilience 
in some systems, as highlighted by this study. Future social-ecological systems research should 
therefore benefit from a more explicit consideration of organizational patterns and processes as 
system drivers, as described in section 7.1.  
There is persistent debate in the business literature on the causes of organizational success 
or failure. Classical industrial organizational studies and organizational ecology assume that the 
environment is the primary driver of success or failure, and that managers are constrained by inert 
organizations that limit their strategic choices (Mellahi & Wilkinson 2004). In contrast, 
organizational psychology argues that managers are the principal decision makers of the 
organization and, consequently, their actions and perceptions are the fundamental cause of 
organizational performance (Mellahi & Wilkinson 2004). The relative selective pressures of 
internal agency and the external environment have been subject to similar debate in institutional 
studies, where this is an issue of significance in the design of effective institutions for governing 
natural resources (Hardin 1968; Ostrom 1990; Dietz et al. 2003; Cumming 2016b). This thesis 
illustrates how internal agency and the external environment interact to drive sustainability in a 
social-ecological system. A manager makes initial strategic decisions, such as where and how 
much land to purchase and how to generate revenue from his/her natural resources. The external 
environment sets constraints on this system (such as the combinations of characteristics that are 
viable and how much revenue they can generate; Chapter 3). Notably, the manager has the ability 
to alter the organization’s developmental trajectory within those constraints, dependent on 
objectives, management strategies and monitoring focus (Chapters 4, 5 and 6). Future 
organizational research and social-ecological systems research alike could therefore benefit from 
a less polarized perspective on internal agency and the external environment.    
Future social-ecological systems research should also benefit from a more explicit 
consideration of management action-outcome feedbacks in driving system dynamics, as described 
in section 7.2. It is certainly useful to propose ways to facilitate sustainable natural resource 
management in an uncertain environment, such as through adaptive management and co-learning 
(Holling 1978; Walters 1986; Walters & Holling 1990; Carpenter & Gunderson 2001). However, 
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more emphasis needs to be placed on understanding current decision-making behaviours and how 
these function dynamically, resulting in feedbacks between decision-making, actions, and 
outcomes (e.g. Fig. 3). Research in behavioural economics, psychology, and behavioural decision 
theory has shown that people are subject to a range of biases in their perceptions and judgments, 
many of which are likely to be applicable to natural resource managers (Table 1; Iftekhar & Pannell 
2015). There is a growing field of behavioural experimentation in natural resource management 
aimed at understanding manager decision-making as well as learning and cooperation, particularly 
in common pool resource systems (McAllister et al. 2006; Anderies et al. 2011; Cardenas et al. 
2013; Yu et al. 2016). Our growing understanding of manager behaviour paves the way for exciting 
new empirical studies on how and why natural resource managers influence the dynamics and 
resilience of a diverse range of social-ecological systems.   
  
Table 1. Behavioural biases with potential to influence natural resource manager decision-
making (Iftekhar & Pannell 2015) 
 
Bias Description 
Action bias  Tendency to take action even when it is better to delay action 
Framing effect Tendency to respond differently to alternatively worded but objectively equivalent 
descriptions of the same item 
Reference-point bias Tendency to overemphasize a predetermined benchmark for a variable when estimating 
the level of that variable 
Availability heuristic Tendency to give more weights to events that can be recalled more easily 
Planning fallacy 
 
Making judgments about a planned activity that are systematically overoptimistic, 
including underestimating project completion time, underestimating costs, or 
overestimating benefits 
“Satisficing rule” Tendency to stop searching for a better decision once a decision that seems sufficiently 
good is identified 
Loss aversion Tendency to value losses more highly than similar gains 
Reliance on limited 
information 
Tendency to use a subset of information even when full set of information is available 
Limited reliance on 
systematic learning 
Tendency to use information from past successful efforts rather than using information 
from both successful and failed efforts 
 
The role of diversity in maintaining resilience has received considerable attention across a 
broad range of fields (Stirling 2007). In the context of a social-ecological system, diversity can be 
considered at the level of genes, species, landscapes, cultures, livelihoods, and governance 
institutions. It therefore encompasses biodiversity, spatial heterogeneity, livelihood strategies, and 
institutional diversity (Biggs et al. 2012). Response diversity, or “functional redundancy”, is 
diversity in response to disturbances among species or actors that contribute the same function 
within a system (Elmqvist et al. 2003; Walker et al. 2006). There is consensus from a variety of 
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disciplines that diversity and redundancy are important for resilience because they provide options 
for responding to change and disturbance (Folke et al. 2002, 2005; Stirling 2007; Chapin & 
Kofinas 2009; Ostrom 2009a; Biggs et al. 2012). For example, people who develop a diverse set 
of activities to generate revenue from a natural resource system (e.g., fishing and ecotourism) build 
resilience in their livelihoods by creating options for rebalancing these activities in response to 
market or environmental changes (Ellis 2000; Biggs et al. 2012).  
While much attention has been placed on the importance of diversity and redundancy in 
promoting resilience in social-ecological systems, this thesis makes a novel theoretical 
contribution to understanding the processes that create (or eliminate) diversity in social-ecological 
systems, thereby highlighting an interesting avenue for further research. Resilience theory tells us 
that it would be prudent for PLCA managers to diversify the activities offered on their PLCAs, 
such as hunting, live game sales and ecotourism, targeting both international and local markets. 
These activities and markets are likely to respond to changes and disturbances in different ways, 
thereby reducing financial vulnerability. In reality, however, these activities are incompatible in 
many cases, with options for diversity thus constrained (Chapter 3). This suggests that an 
understanding of resilience in social-ecological systems would benefit from an increased focus on 
the mechanisms that give rise to diversity, or the lack thereof. This study illustrates how 
organizational incompatibilities in spatial, ecological and socioeconomic characteristics constrain 
options for generating revenue from a privately managed natural resource system. Can the concept 
of social-ecological incompatibilities explain patterns of diversity in the livelihoods of individuals 
operating in a common pool resource system, or patterns of diversity in the functioning of large-
scale conservation NGOs? And can we use commonalities and differences in these patterns 
between social-ecological systems to develop and test theories for the types of incompatibilities 
that emerge and the ways in which they influence diversity? 
This thesis draws the somewhat unusual conclusion that facilitating diversity in certain 
ecological attributes (such as large mammals) may not always be a good thing, if it arises as a 
result of management that reduces natural variability in the ecosystem (Chapter 4). Ecotourist and 
hunter preferences drive managers to enhance large mammal diversity on their PLCAs, but space 
limitations and the introduction of extralimital species necessitate intensive management to ensure 
stable water and food provision. These social-ecological systems are therefore subject to a trade-
off between managing for diversity and variability. Diversity and variability are system attributes 
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that are both believed to contribute to resilience, and are usually viewed as positively related 
(Holling & Meffe 1996; Carpenter et al. 2015). In many natural resource systems, managers reduce 
ecological diversity in order to reduce natural resource variability, for example farmers replace 
diverse flora and fauna with monocultures or livestock to stabilize variability in food yield (Holling 
& Meffe 1996). However, this study illustrates that there are situations when the variability and 
diversity of certain ecological attributes is not linearly and positively related, raising interesting 
questions regarding (a) what other social-ecological systems may mirror this relationship and (b) 
where resilience is maximized on the spectrum from diversity to variability in such systems. 
Managing habitats to benefit hunted species is a global activity that has been implemented for 
centuries (Gallo & Pejchar 2016), and may therefore be a widespread example of managing natural 
variability to promote diversity in target species. Ecological diversity is important in the provision 
of cultural ecosystem services, and the trade-off between ecological diversity and variability may 
therefore arise in other social-ecological systems that are managed with the aim of generating 
revenue from cultural ecosystem service provision (Fuller et al. 2007; Schaich et al. 2010; Naidoo 
et al. 2011; De Vos et al. 2015).   
Broadly defined, ecosystems services are “the benefits people obtain from ecosystems” 
(Millenium Ecosystem Assessment 2005), or “the contributions that ecosystems make to human 
well-being” (Haines-Young & Potschin 2012) and include provisioning, regulation and 
maintenance, and cultural services (Millenium Ecosystem Assessment 2005; Sukhdev et al. 2010; 
Haines-Young & Potschin 2012). An ecosystem services perspective would be useful in assessing 
the mechanisms behind the observed predictors of revenue and profitability on PLCAs (Chapters 
3, 4 and 5). By asking PLCA tourists and/or hunters why they chose to visit a given PLCA, we 
could gain a better understanding of how and why affordability, accessibility, infrastructure, 
activities and ecological attributes influence the incomes generated by PLCAs (Chapter 3). Given 
the high level of correlation between predictors of profitability on PLCAs (such as between size, 
game numbers and price), an assessment of why people visit PLCAs would allow for a more 
specific differentiation of the relative strength of these predictors.  
A cultural ecosystem services study of visitors to South Africa’s National Parks illustrates 
that different parks attract people seeking different bundles of ecosystem services, such as “natural 
history”, “recreation”, “sense of place”, “safari experiences” and “outdoor lifestyle” (Ament et al. 
2016). Similar to the finding that distinct business models are differentiated by incompatibilities 
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in socioeconomic and ecological attributes (Chapter 3), Ament and colleagues found that bundles 
of services are differentiated by trade-offs between certain service requirements, and the likely 
availability of particular service bundles in specific ecosystems. However, the drivers of different 
ecosystem service bundles were not assessed quantitatively. It would be interesting to assess 
whether bundles of cultural ecosystem services emerge on PLCAs, and if these are driven by the 
different business models. For example, I would predict big game business models to be associated 
with a “safari experience” ecosystem service bundle. In contrast, the budget business model, which 
lacks game and associated safari activities, and attracts local visitors, may be better associated with 
“sense of place” and “natural history”. Hunting PLCAs may represent more physically-active 
ecosystem services, such as “recreation” and “outdoor lifestyle”. In particular, it would be 
interesting to see if there are outliers to the emergent patterns (for example, PLCAs with a specific 
business model who attract people seeking ecosystem services generally associated with an 
alternative business model), and how this affects profitability. There was variability in incomes 
within PLCA business models (Chapter 3), and an ecosystem services perspective may provide 
some insight into why this is the case. For example, a PLCA that is characterized by a big game 
business model usually associated with “safari experiences”, who attracts people seeking “outdoor 
lifestyle” may be targeting the wrong market and/or charging inappropriate prices.  
A recent study assessed “bright spots” among the world’s coral reefs, which are defined as 
places where ecosystems are in substantially better condition than expected, given the 
environmental conditions and socioeconomic drivers that they are exposed to (Cinner et al. 2016). 
It was proposed that these outliers could provide insight into the factors (independent from the 
environmental and socioeconomic factors used to detect outliers) that enable a given coral reef to 
perform better than expected. Cinner and colleagues found that coral reef bright spots were 
characterized by strong sociocultural institutions, high levels of local engagement in management, 
high dependence on marine resources, and beneficial environmental conditions (Cinner et al. 
2016). It would be interesting to undertake a similar study for PLCAs, identifying outliers in 
management and profitability. For example, are there PLCAs that generate greater incomes than 
expected given their biophysical and socioeconomic characteristics? Are their PLCAs that 
generate a profit, undertake ecological monitoring and manage their ecosystems sustainably, and, 
if so, why? On a practical level, such an investigation would enable us to explore potential ways 
to alleviate the trade-off, observed in this study, between managing for short-term financial versus 
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long-term ecological objectives. On a more theoretical level, such an investigation could provide 
insight into the organizational attributes and behaviours that promote sustainable ecological 
management.   
Private land conservation is regarded as a “cost-effective” conservation tool for 
governments, and there is a substantial body of literature assessing the cost-effectiveness to 
governments around the world of incentivizing conservation on private land, and the costs of 
establishing and maintaining statutory protected areas (Bruner et al. 2004; Swift et al. 2004; Mayer 
& Tikka 2006; Naidoo et al. 2006; Crossman & Bryan 2009; Von Hase et al. 2010; Adams et al. 
2012). In this thesis I illustrate that there is a trade-off between optimizing revenues and 
sustainably managing large mammals (Chapters 4 and 5). An interesting avenue of future research 
would be to adopt an ecological economics approach, and assess the opportunity cost of sustainable 
management (i.e. potential revenue minus revenue generated under sustainable management). This 
cost could be compared with the cost to governments of establishing statutory protected areas. I 
would predict that, given the significant costs of establishing and maintaining protected areas 
(Bruner et al. 2004), there would be economic justification for the provision of government-funded 
financial incentives to PLCA managers to undertake sustainable ecological management.  
 
7.7 Conclusion 
Insight into the ecological and economic sustainability of the commercial PLCA industry 
can be gained through cognizance that PLCAs emerge from multi-scale, social-ecological 
interactions. Figure 4 illustrates the drivers of PLCA ecological management and profitability, 
which were assessed in this thesis. Financial objectives, ecological monitoring (or the lack 
thereof), and regional policy requirements influence the management strategy that a given PLCA 
manager adopts. The adopted management strategy, together with the manager’s initial decisions 
regarding land and infrastructural investments and the capital that the PLCA accumulates over 
time, influence the PLCA’s ecological and socioeconomic attributes and thereby its income-
generating potential. Feedbacks between a manager’s actions and their outcomes can reinforce 
ecologically sustainable or unsustainable management practices, depending on whether ecological 
monitoring or financial objectives inform management. Feedbacks between ecological and 
socioeconomic attributes and PLCA income, in turn, can reinforce financially sustainable or 
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unsustainable business strategies, depending on whether accumulated capital is sufficient to 
overcome organizational constraints on adaptation.  
 
 
Fig. 4. Logic tree illustrating the hypothesized drivers of Private Land Conservation Area 
profitability and management, tested in this thesis (Chapters 3 to 6). Social drivers are illustrated 
in orange and ecological/biophysical drivers are illustrated in green. Rainfall is shown as a 
transparent box since it did not emerge as a significant driver.  
 
The decisions made by natural resource managers can set up self-reinforcing management 
regimes and organizations, with the potential to build or break down resilience in the systems that 
they manage. Focusing on natural resource managers has enabled me to broaden current 
perspectives on organizational behaviour, management action-outcome feedbacks, governance, 
diversity and variability, and the relative selective pressures of internal agency versus the external 
environment in social-ecological systems. I conclude that natural resource managers are dynamic 
actors in social-ecological systems, and emphasis should be placed on the role that they can play 
in building resilient and sustainable societies. 
Income 
Ecological attributes Socioeconomic attributes 
Management 
strategy 
Rainfall 
(location-
dependent) 
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